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PliEFACE, 


Thi| book has Ixien writton ospccially foj‘ 
engirK^eriifg-works’ a])])reiituA!s and en^jjineerin^- 
and ft'cbnical-scliool students, for ns(' 
iir (^oiitu'ciion wiili ib(' <!arly sta^^cs of ilicir 
practical work; lu'ncc tlic various subjects 
wbicli ari' lu'rein diailt wilb have Ix'cn tri'ab'd 
in a more <u less i^idnumtary nianin'r. At (be 
sani(‘ tiijK', an attynijit lias bci'ii made to make 
the book as up-ui-daXr as jiossililt*, and wliei- 
ever it has been*i]i()Ufi;bt drsirable ilic modern 
developments, especially in re^uird to machine- 
tool praistice, bav(' lieen indicated, so as to make 
the book as useful as possible to those who 
are interested m modi'rn en^mieerin^-workshop 
practice. 

(ireater attention has been ^nven m the book 
to principles and nu'thods of workin^% pro- 
cesses, operations, tools, and mstiunu'nts than 
to’ the actual machines m or on which thi' 
various descriptions of machine-sbo]) work are 
carried out, this ariaii^^ement preventing con- 
fusion and enabling the Author to devote more 
space to the minntuv that occur in the o))eration 
of the machines and m the use of the tools. 

Tills IS the second voIuiik' of the book, and as 
such deals almost exclusively with actual ma- 
chine-tool o])erations and cutting-tools, special 
attention being given to tlu' (pmstions of tool 
angles and shapes and^cutting speeds and feeds. 
'All the ordinary machine-tool processes are 
dealt with, as well as the fundamental principles 
of the interchangeable system of manufacture. 

OKOlKilK W. BUHLKY. 


Sheffield Univbbsitv, 
Mmj, iyi9. 
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I'hANKIt. SiiArKi:, \NI) SliOTTKll PRA(VnCF, 

Planing Machine or Planer.— Tins machine is 
(‘ssenlially om^ loi the ])io(lu(;ti()n of Hat or phuie 
surlaces h\ iiH'ans ol a sm^l('-e(lj;('(l cutting tool 
The, j^eiK'tal ol the machine is such that the 

vvoi'k-])iece- has ^n\en to it a to-aiul-Iro motion hy 
nu'ans oi ii s])ecial mi'chamsm m the maohme, 
whilst (Inrinf; each active cultiiiij; stioke the cuttni}^ 
tool remains stationai\, thou}j;h (lurin'; the, whole 
operation tht:i tool is moved acioss the w'ork m a 
horizontal, veitical, oi ohlcjiic diiection accoiding 
to the, natine of the, o])eiation. 

The fundamentar piinoiple of action of this 
machine is indicated graphically in Fig. 1, m w-hich 
the full and dotted arrows W in the upper view 
represent the two movements of the work-pit ce, 
whilst the full arrow T in the lower plan view 
represents the cross or tiansveise movement ol the 
♦ool or tools. 

The essential ])arts of the oidinary lorrn of this 
machine are, a cast-iron bed of substantial propor- 
tions, two sides or housings, which arc secured 
rigidly to the bed ; a table or platen, w^hich has a 
to-and-fro motion communicated to it, and which 
carries the work-pieces,; a top-rail, which holds the 
VOL. II. • 1 
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two housmf^H at tho top, a cross-rail, which is cap- 
able of bcni^f moved upwards and downwards in 
fiont of th(' housiuf^s, and which cap also 1 k' secured 
to them ii^idly whenever necessaiy, a saddle, 
winch is earned on the, cross-j’ail , a head, which is 
mounted on the saddle , and a tool box or holder, 
which IS si'ciiri'd to tlu' head. On the side of the 
table stioke dogs, ta])pets, oi stojis are used, the 





Fio. L— Diagram illustrating piinciplo of operation of planing 
null'll ine. 

function of these being to fix the end of each stroke 
(tliat is, the forward and the backward stroke), and 
to cause the reversal of the direction ol motion ofy 
the table at the right instant, lly means of mechan- 
ism which IS an intrinsic part of the machine, the 
tool can he fed along the cross-rail by power. 

The table moves on sf^uare ways or in veed 
guides, the lubrication of these being more or less 
automatic in many ease^. The table drive is usu- 
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ally wilier that of the hciovv and nut oi that of tlu! 
rach and pyiion, th(' forinw enahlin^^ woik siii laces 
free from chattel- maiks to he ])iodnced. In some 
few cases a crank is ein])loyed in the diiviii}^ 
mechanism ln*the to]) of the table aie tee-slots, 
])lain slots, and holes foi iis(' in connection witli 
the clam])ing and hohling ol woi k-|)ieces. 

The piate-edge iilitnei is ditteient from the ordin- 
ary foini of ])lanei. inasmuch as the woik-pieces 
(usual]} laigi' ])lates) aie held stationaiy, and the 
tools are ieci])ioeated in liont ot them 

Shaping Machine or Shaper. This, generall}, 
is a much lightei and smallw machine than the 
])laner, and ii distinguislu'd liom it hy the tact that, 
in t)ds machnu'. the work is held stationaiy, exc(>])t 
for the cross-leed, ami the tool is inovial to-and-tro. 
Tly' tool IS earned in a tool box or holdw mounted 
on the end of a shdei oi ram, the motion of which 
is hoii/ontal and is obtained thioiigh the medium of 
a mechanism which woiks on the ])rinciplc of eithei 
the rack and pinion or crank and vibrating rod. 
The motion of the tool is always horizontal. The 
work-pieces are mounted on a knee which is cap- 
able of being tiaversed horizontallv (at i-ight angles 
to the motion of the tool) and veitically. d'he kiu'C is 
usually box-hke lu shape so that work-pieces can he 
•secured to its side faees,!is well as to its upper face. 

In Fig. 2 IS illustrated the fundamental jirmcijile 
of action* of this machine, the dotted and lull arrows 
T in the upper view representing the reciprocating 
motion of the tool, whilst the full arrow W in the 
lower plan view indicates the coss or transverse 
movement of the work-piece. A comparison of 
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1 and 2 will nlnarlv dnmonstiato thn ('ssinitial 
didoi'C'nco hotween a planing inachiiiti and a sliapinj^^ 
nianhine. 

Slotting Machine or Blotter. In this maclnnp, 
the tool IS held in a tool-liox which is secured to a 
slider or ram havin'^ a veitical motion. This motion 
IS ^n'lierally communicated to the ram hy means of 
crank and connectiii'jj-iod mechanism, so desif^ned 

1 



Fio ± Diagram illustrating principle of operation of 
sliapiug machiiio 


that the stroke ol the tool can he leadily alteied, 
and that tlie actual ])ositions of tiu‘ two ends ol the 
strokes of the lool can he vaiied without -alterin^^ 
theii' relation. The table in this case is usually a* 
circular one, and arranged so that it can hg rotated 
in either direction or moved in a straight line in two 
horizontal directions at right angles to I'ach other. 

T'he fundamental principle of action of this 
machine is indicated in Fig 8, in which the full 



• f. 

I'LANEII, SlIAPHH, SLOTTEIi l’l!A(TI('K. A 

jind (lotted iu'iows T (the loinier for the cutting 
stroke, iuid thejatter for tlu' rtiturii stioke) re])re- 
senl the to-iUid-fi o motion ol thi' tool, and the full 
afl(.)^v^ W iti the two ])laii Mews tlie motions ol 
W'oi k-))iec:('s ha\ m^f nni-diieel lonal stiaij^ht lini' and 
(ill eidai' motions K's^x'ctivelx 



:t.— liiagrain illustrattiig pinuapU' of operation of 
slotting maflmie. 

The k^y-seating machine w'orks on practically 
th<3 Htime ])riiiciple as the slotting; machine, hut its 
sphere of nsefulneiss is not (]iiite so extensive. 

The so-called vertical sliaping machine w'Cirks on 
the same principle as the slotting machine. 

Cutting Tools, “As with cutting tools used cvn 
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other miichine tools, the efliciency of ^the cutting 
tools ernployeil on these machine^? depends to a 
veiy large extent n])oii the shapes to which they 
are ground and the manner in which they are pre- 
sented to the work-pieces. 

Angles of Cutting Tools.— In dealing with the 



Pi(j. 4,— Aiigle‘i of a planer or shaper tool. 

question of the operation* of these machines, it 
necessai’y to have clearly before us the identification 
of certain well-defined angles of the tools. These 
angles apply to the noses of the tools, that is, the 
actual cutting parts of the tools, and the magni- 
tudes and relations of these angles determine largely 
the manner and efficiency of cutting. 
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represented ; in Fi*^. 5, that of slotter tools. In each 
case the line BO represents the surface of the 
work-piece, with 0 as the point of the tool. OA is 
nbi'inal to this suifaci',. O is known as the heel of 
the tool, and th(' surface rejiresentod by the line OC 
as the li‘j> of the, tool. The lip of the tool may he 



^ regarded as its cutting J'ace. The face represented 
by the line DO is known as the flank of tfie tool. 

Thes* two views are, of course, side views, and 
from them we obtain the following definitions :~ 
AOC is the front rake or lip angle of the tool. 
BOD is the front or heel clearance or relief. 

C()D is the front tool angle. 

COB IS the front dotting angle. 
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At )'ight iiTigles to this pliiiu; thero is aiiothei' set 
of angles which coiTes])on(l with the.^p, the two 
sets ])eing distinguislied from one anothei 1)_\ the 
use of the words /’nw/ and side. 

Shapes of Cutting Tools. - If a cnitting tool is 
ground so that it has no front rake, its action is 
very imperfect and unsatisfacto^-} , as is indicati'd in 
h’ig. (), tioni wliich it will he seen that the metal is 
ciowded off from the work-piece. In this case, tlu' 



Fin, 6.- CiiUmg action of planer tool without rake. 

action is in the nature of a push and is veiy dif- 
ferent from the action which occurs when the tool 
is provided with front rake; as is shown in Fig. 7. t) 
The amount of front rake most suitable depends 
upon the metal to he machined, and the fC/llowing 
angles of front rake have been found to give satis- 
factory i-esults on planer and shaper tools: On 
brass, 0’ to 5"; on cast steel, 5" to 15"; on cast 
iron, 10" to 20’ ; on mild steel and wrought iron, 15“ 
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The fimctioi) of side riiVe is to deflect th(‘ clii]) 
sideways over the pait of tli(' work^jiiece ab'cad) 
iiiacluned, so as to pi event clo'fj^niin-np of the tool. 
The ai’„d(‘s of side lake aie penevally somewhat less 
than those ol front I'ake. 

The clearanei or relief of thi'Se tools mrd not he 
t^rc'ater than -V, ibiid ina}, in man} cases, la* no 



Fin. 7.— Cutting action of planor tool with rake. 

greater than 3". liy keeping down the clearance 
angles, the tool angles (Jioth front and side) are 
fiiade lai’ge, and the nose ol the tool is not made 
unduly weak. 

The shapes of the noses of cutting tools used on 
these machines vary largely, depending, as they do, 
upon the nature of the operation to he performed m 
each case, h'or i-oughiug work, the round nose or 
some modification of it, as indicated in Fig. H is 
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generally adopted. The diamond point (A, Fig. 9), 
square-nose (11), and the knife tool (Cl), are also 
used on tlu* planer and shaiier. 



Th(' shape of tiie slotting tool is generally square, 
with or without the eorners rounded off, though a 
cutting edge which is not (piite straight, but ground 


ABO 



Nig. -Shaiies of planer tools. 


to a fairly large radius, is probably more durable 
than a straight one. For special purposes, special 
.shapes are sometimes eroplbyed, but these are the 
exception r^ither than the rule. 
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A tool holder deRij^nod for use in planiuf^ 
machines is illustriited in 10. The holder 




itself is made of for{(ed» steel of a <|aality much 
inferior to high-speed tool-steel, of which the cut- 
ting element is made. * It can be used in connection 
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lieavy will) as much satisfaction as 

can a solid tool. 

In l''i,ii;. II IS shown a solid sha,))(‘i' tool for 



cutting keyways The nose of the tool in this case 
must lie longer than tlic bore to he keywayed. In 
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^’ic. E’.— Use of maclnne vice. 

Fig. 12 is shown a tool holder which carries an 
insei ted tool of high-speed steel foi the same purpose. 

Methods of Holding Work-pieces. -The form 
and dimensions of a work-piece and the work which 
has to be done on it deterniine the most suitable 
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RKitliod of holdiM” it in po'^itioii on the iahlo of a 
planer, sha])«r or slottei . 

When the work-piece is ol small dimensions the 



'Fu( 11 ’ ^lol.liiid 1)1 lioldmg woiK })i0(.(' in vuc. 
machine vice is heijiUMitly eni])lo\<‘d, as shown m 
Fi^. 13, ni which W represents the work-piece, -I, 



the fixed jaw of the vice, and the movable jaw. 
Unless the two opposite faens of W are parallel to 
each other, there is a tendency to cause the work- 
piece to heel-over slightly when the movable jaw is ^ 
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htiing scrowtid up. There are seve.ral ways of eoun- 
feraeting this ttuidency ; one of these is to use a 
cylintli'ical wire or rod l)etween the movable jaw 



and the woi-k-])iece, as shown in Fig. 14; another 
IS to use a special packing stri]) with a curved face 
(Fig. 15) between this jaw and the work-piece. 

If the depth of the work-piece is less than that of 



I’ic. 17.— Straiglit clamping plate, 
the jaws of the vice, it is necessary to place packing 
strips or blocks under the work-piece. These strips 
or blocks are usually rectangular prisms, as shown 
in Fig. 16. 

The work-piece in every case is bedded doivn by 
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meaiiKol hamm(‘nng, the souiirl producocl indicating 
when the wqrk-])iece I'ests solidly on the bottom of 
the vice or on .the ])acking block. If the woik- 
piece is delicate, or its ii])])er suiface must not be 



Kn.. is.— {'lainpinj' ''tiap. 

bruised, a cop] »ei' 01 othm salety hannner should he 
employt'd 111 the bedding-down ojieiation. 

Many work-])iec('s are clanqu'd down diiectly on 
the .talile of the planing machiiH'. In Fig. J 7 is 
represented a simple foiin of clamping plate m 



, Fiu. lit— Bent elainping plate. 

which there is a single hole or slot for the holding- 
down bolt. In Fig. IH an ojien clamping strap is 
indicated. In each case a packing strip or block 
has to be used to support the plate or strap at one 
end, the height of this baring, preferably, erjual to 
that of the part of the work-piece on which it has to 
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rc'sL. Tilt' use of mioh a stri|) oi block is (].is]K!nse(l 
with wluMi a clamping plate, ol tlu* founi shown in 
Fig. 11) is employed. 



Fhi. :20.— Claiiipiug plate and acliustablo packing. 



An impi'oved form oi combined clamping plate 
and adjustable packing is illustrated in Fig. 20. 
In this form the packing is hexagonal in shape and 
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the clamping ])late or linger'js hinged to the block 
of a point oihei- than the centre of the hexagon, so 
that either four or six heights of the packing are 
availaole 



Fie., 22 -J^'inger clamping plate. 


The use of an “offset ” or “ goose-neck” form of 
claraping plate is indicated in Fig. 21 . In this case, 
of course, the height of the packing strip required is 
less than the height of the work-piece by an amount 
equal to the offset or length of the neck of the plate. 



Fki. 23.— Tongue clamping plate. 


All these forms of clamping plate are arranged 
to press directly on the outside of the work-piece. 
There are cases, however, in which it is not per- 
missible to have a plate listing on the top of the 
work-piece, as, for example, when the work-piece 
VOL. II. , ' ‘2 
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is a bar of square section which has to he planed 
over its foui‘ sides. In these cases, Jhujcr rUmps 
(Fig. 22) may he used in conjunction with holes 
formed in the ends of the work-piece. A variation 
of the finger clamp is shown in Fig, 2)1, this form 
of clamp being known as the Idiuftic damp. 

The use of finger clamping plates in conjunction 
W'ith ])lain clamping plates for the purpose of hold- 
ing down a long square bar, which has to he 
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machine. 

machined completely over its four faces, is indicated 
in Fig. 24. It will be seen that no pai-t of the holding- 
down apparatus projects above the upper face of 
the work-piece so as to foul the tool during either 
stroke of the table of the machine. ^ 

In Fig. 25 is shown a method of holding a work- 
piece of circular section for the purpose of machin- 
ing a spline or keyway in it in the planing or 
shaping machine. 

Position of Holding-down Bolt.— In connection 
with the use of clamping plates, as above, there is 
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one point t})at needs consideration probal)ly move 
than any cftlier. Tt lias reference to the position 
of thf! holdin^f-down holt with I’ospect to both the 
work-pif'ce and tlie jiachin^ strip or block, and the 
inlluonee of this* upon the pressure which can be 
exeitfid by the jilati^ on the surface of the work- 
piece for any j^iven^ amount of axial stress in the 
shank of the holdiii'jf-down bolt. 

The eondilions which obtain generally are in- 



Fia. 25, -Method of holding work-piece of circular section. 

dicated in Tig. 26. W represents the work-piece, 
and P the packing block. Assuming that the plate 
rests quite flat on each, and that it is not bent under 
the influence of the screwing-down force, T, we 
have the 'centre of presffare on the work-piece at 
the distance L from the centre of pressure on the 
packing block, and the latter at the distance I from 
the axis of the holding-down bolt. Then, if R repre- 
sents the reaction from the surface of the work-piece, 
we have, by taking monie^its about the point A, the 
following relationship : — 

.R xL = F X i . . . (1) 
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wliei e F = the axial force or stress in tlu* l)olt. By 
traiis})OBitioii we obtain * 


Now, il we assnnie that F is constant, as we may, 
W(' see that tlie i’(‘actiou from the worh-pit'ce siii'- 
face which is e(|nal to the ])i.essure on tlie work- 


piece surface, th'petuls entirely on the ratio, 


I 

1 . 


, and 


the more nearly this ajiproaches unity, the /greater 



the value of R heconies. The practical deduction 
from this is that the holdin^Mlown holt should be 
placed as near as possible to the work-piece. 

Distortion of Work-pieces.- The work-pieces on 
planers and shapers are usually castings or forg-^ 
ings with comparatively rough and irregular sur- 
faces. Care should therefore be taken m setting 
these up and fastening them down on the machine 
tables so that they are held securely. If there are 
any hollows under them, these should be filled with 
thin packing strips. Frequently strips of paper are 
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placftd under cantinas to make allowance for the 
unevenness* of the surfaces. If these precautions 
are not attended to, distortion of the work-piece will 
occur, end thus militate aj^ainst the doin^^ of satis- 
factory work. 

Distortion niii,y also occiu -especiall} in castirij^s 
- as the result of tlje lemoval of the skin, which, 
j^enerally is harder than the inteiior or core, and 
holds the latter, nioii' or less, in a state of stress. 
With the removal of this skin, tlu' coni tends 
naturally to assume an unstressed condition, this 
tendency alwa)s Itein^^ attendi'd by a change of 
shape. To obviate tlu‘ effect of this somewhat, it is 
the usual pi ac.tice wherevei possible, which is not 
always, to* rough-machine a casting all over before 
any one suiface is timsh-machined. 

Setting-up Work-pieces on Planer and Shaper 
Tables.- If the table is known to he (piite horizontal, 
the spirit levi'l may he eiu])lo\ed in the setting-up of 
a work-piece; otherwise the use of this instiument 
does not yield satisfactory results. The scribing 
block or surface gauge may, however, he employed 
in nearly every case of setting-up on the tables 
of these machines, whether the work-piece is sup- 
ported directly on the table, mounted in or on a 
fixture or*angle plate cai ijied on the table, or held in 
*a vice. 

Setting the Tool in Position.— During the for- 
ward or cutting stroke of a planer or shaper, a cer- 
tain amount of spring or deflection of the work-pjece 
and of the tool occurs, wjth the result that on the 
backward or retui-ii stroke the tool is raised slightly 
as it is dragged over the surface of the work-piece^ 
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This raising ol' tho tool occuis whatevGr happens to 
be the disposition of the surface being tooled. In the 
case of vertical surfaces, it is desirable to swing the 
head through a small angle with res])ect to the 



B 


Fig. 27.- Diagram showing dijiposition of tool with respeot 
to work-pioce. ‘ 

vertical, so that the axis of swing of the tool-box is 
not quite at right angles to the surface being tooled. 
Now, there are two directions in which the head can 
be swivelled : to the right and to the left. One of 
these is correct ; the other incorrect. Which of the 
two is the correct one will depend upon the general 
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conditions obtaining in any given case. In Fig. 27, 
for one castf, the correct direction is shown at A ; 
the incon-ect one at B. The two diagrams in this 
tigure will ex])]ain why A is correct, and B in- 
correct. The linft ah in each diagram repiesents 
the centre line oi the tool. On the reiurn stroke of 
the machine, this liny swings about the axis of the 
tool-box, that is, the line XY. Obviously, in the 
ease of A the ])Oint h will move away from the sur- 
face of the work-))iece , whilst in the case of B it 
will move into it and so foul it. 

In ri'gaid to the position ol the cutting edge of 
the tc.ol, this may hi' either immediately under- 
neath the axis of swing of the tool-box or in front 
of it.- To uealise the lormer condition it is usually 
necessai y to have recourse to the use of cranked 
took ; where these are not used, it is generally the 
latter condition which obtains. The difference be- 
ween the two conditions is indicated iii Fig. 28. 
In this tigure the former condition is represented 
by the tool in full outline, from which it will be 
seen that, under the influence of the cutting forces, 
the cutting point of the tool tends to dig further 
into the work-piece and so increase the depth of cut. 
The latter condition is represented by the tool in 
dotted oul^ine, this showiyg that if deflection of the 
tool occurs, the result is a reduction in the depth of 
cut. 

Cutting Speeds and Feeds.— The cutting speed 
in the case of a planing machine is the maximum 
linear speed at which the table or platen of the 
machine, and, therefore, tte work-piece, moves dur- 
ing the active or cutting stroke, and is measured 
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oither in feni por miiiutn or iiiotivs per iiimiite. 
The speed of the table duriiifj; the return* stroke does 
not affect the actual cuttiiif;, thou^di it has a distinct 
influence upon the total tinu* occupied to do a 
^iven anioimt of work in the inach'ine. 



Fro, 28. -Diagram showiug spring of planer tools. 

On many of the old-tiive pre-liigh-speed planers 
thei'e IS only one cutting speed available, this ranging* 
in the cases of machines of different make§ from 20 
to 26 feet per minute, with an average of, say, 28 
feet per minute. In these cases the return speed 
varies from TiO to 80 feet per minute, with a bias 
towards the lower end of this range. These cutting 
speeds are quite suitable for the planing of such 
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materials as mild steel and east iron with plain 
carbon steel tools, but the) aie rather low I'oi' the 
machining of aluminium, brass, gun-metal, and the 
softer metals geiu'ralh This, howevt'r, never was 
a veiy serious dVleet, since the two foinier metals 
constitute the givat majoritv ol nmtals to he planed. 

On mode.rn high-i^peed planeis the cutting speeds 
which an' ])rovid('d toi ai'e goneiall} liighev than the 
above, though w'hen; tlu'H' aie seveial speeds a\ail- 
ahle the lowest is usually m the neighbourhood ol 
25 feet jkm minuti'. The highest cutting spt'eds m 
such cases lange from 55 to HO feet piu' luinuti', the 
return speeds ranging liom liO to 225 feet jier 
minute. Tlu' ratio of the retui n SjK'ed and cutting 
speed is ©I some moment in connection with the 
question ol the 000110111 } of working, and it is found 
that a ratio of liom d to 1 to 1 gives acci'ptahle 
results, though in one 01 two excejitional casi's ratios 
as high as b or 10 to 1 have been adopted. 

The number of cutting speials on high-speed 
planers is vei y rarely greater than four, these being 
obtained by means of either (1) step]ied-cone pulleys 
in the counter shaft, (2) a variable-speed cutting- 
stroke motor, or (li) a change-speed gear-box. 

The cutting s])eed in the case of a shaping or 
slotting ^machine is the, maximum linear sjieed at 
which the tool travels over the work-piece during 
the cutting stroke. With these machines the ratio 
of the return speed to the cutting speed is not so 
high as it is in the case of the planing machines; 
consequently, the economy of w-orking may he a 
little greatei' in the latter ease tlian in the former, 
though it must be noted that, pro rata, in the 
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planing inachiiu; tho moviiiff mass is gi-eatcr than 
in th(^ shaping or slotting machine. 

The rack or gear-driven shaper lias usually only 
one cutting speed, and this quite irrespective of 
the length of the stroke, that is, vv^iether it is long 
01' short. This is, of course, identical with the case 
of the ordinary planing machine. The shaper, 
however, whose ram is actuated by a crank, 
on the ])rinciple of the Whitwoith quick-return 
mechanism, or a slotted or vibrating lever, is almost 
invariably eijuipped with a steppe, d-cone pulley 
01' a change-sjieed gear-box, since, the maximum 
cutting speed, as well as the maximum return 
speed, depends upon the length of the stroke, an 
increase in the latter always producing an increase 
in the foirner. In some extreme cas s, as many as 
If) ram speeds (double strokes ])er minute, and not 
linear speeds) are provided for, though lour is the 
usual number. 

The average cutting speeds when plain carbon- 
steel tools are employed on different materials in 
the shaping and slotting machines are as follows : — 

0)1 cast steel . . . .Id feet per niimite, 

.1 ,) iron . . . . 20 „ ,, „ 

,, mild stool and wrought iron 24 „ ,, ,, 

,. brass 35 ,, „ „ 

„ guii motal . . . * . 30 „ ,, 

When high-speed tools or even ordinary self- 
hardening tools are employed, the above* speeds 
may quite safely be multiplied by 2 and in some 
cases by 3 . 

If a tool cannot cut under the scale or skin of 
the casting or forging during the whole length of 
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the cut, it may ho found necoHHary to reduce the 
speed sliffhtfly, wheu', such a coui-se is possible. 

Thu manner in which the linear speed of the 
movin^r element of either a rack or screw-driven 
planer or shaper'cliani^^es is indicated ^n-aphically in 
I'Vu 21). Jn this figure, A repiesents the startin*;'- 
])oiiit of th(‘ cuttin^f^stioke and the limslnnf:;-point 



of the return stroke, whilst B represents the 
finishingrpoint of the dotting stroke and the start- 
’ ing-point^ of the return stroke. The curve AC 
represents the period of increase of the cutting 
speed, the straight line CD the period of constant 
cutting speed, and the curve DB the period of de- 
crease of the cutting speed. The three correspond- 
ing periods for the return stroke ure represented hy 
the curves BE, EF, and FA respectively. It will 
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bn noticocl that the })prio(i of increase of the return 
speed is much longer tliaii the corresporldmg period 
for the cutting speed. This is, of course, a result 
that would naturally be exjiected on account of the 
considerable diiference between th^ two speeds. 

Tn all cases of machines of these three general 
forms, by “feed” is meant t,he movement of the 
cutting tool, lelatively to the work-piece, in a direc- 
tion normal to the direction of the main movement 
per cutting stroke. This can be, varied considerably, 
so that in eviu-y case the teed most suitable foi' the 
material undei ojieration and the kind of cut which 
is being taken can be selected. Only general rules 
can here be indicated. For roughing work, where 
much metal has to he l•emoved, the usual and,- un- 
doubtedly, the best practici* is to take as deep a 
cut as possible with a cortes])ondingly line feed ; 
whilst for finishing, a very shallow cut (sometimes a 
mere scrape) with a coarse leed is usually taken, 
since in this case it is surface that has to bo covered 
and not volume of metal that has to be removed. 




CHAPTER IJ. 

Dim iiINO, lU)iUNO, \ND RKAMTNd. 

Thesk aitt all intoiaial cutting; operations, anti have 
as their common object the I'ormation of loimd 
holes anti bores. The operations are, however, 
readily distinguishable from one another, chiehy in 
regard to the machines and tools by means of which 
they are performed, and to th(^ actual results which 
aie attained hy them. 

Drilling. — This is essentially a hole-ori}^inating 
operation, and as such is ditferentiated from the 
other two, though, according to the modern diction- 
ary, drilling and boring are synonyms, their com- 
mon meaning in this connection being jxerctwj. 
In drilling, holes are cut in solid work-pieces, the 
tools einployed being of a numher of varieties, but 
each varu'ty generally has two cutting edges. Of 
all machine-tool operations, drilling is probably the 
most easily performed, especially in modern manu- 
facturing works in which the repetitive principle of 
manufacture, involving the employment of jigs, is 
applied. 

Drilling can be performed on the drilling machine, 
of which there are several varieties, the lathe, and 
the milling machine, anJ also by *'.and. 

Boring.- This is a hole-enlarging operation, and 
( 29 ) 
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Hliould Ixi reffarded only as siic-h. I’he ovij^dnal hole 
may have Inxm drilled, cored in the' casting, or 
pierced in a press. It is reserved, geneially, I'oi 
the finishing of long holes of small diameter, such 
as gun and projectile bores, and ‘shorter holes of 
huge diameter, such as the bores ol cylinders of 
reciprocating engines -and the drums of turbine 
engines. The tools em])loyed may have single 
cutting edges, two cutting edges, oi a number of 
cutting edges, the number of cutting edges differeuti* 
ating the tools from one anothei (piite as much as 
the shapes of the cutting edges of the tools. 

lioi'ing can be performed on the drilling machine, 
the, lathe, the Vertical turning and boring mill, the 
horizontal boring machine, and the milling machine. 
It is very rarely performed by hand. 

Reaming, —This is an ojieration which is,- in 
principle, similai to boring. It differs from it, how- 
ever, in regal d to the lengths and diameters of the 
holes finished by this means. In this case only 
holes comparatively short, and of comparatively 
small diameters, are dealt with, whilst a further 
differeiiee exists in the fact that a reamer is gener- 
ally longer than the hole to he l■oamed, whereas the 
active pai-t of a boring tool or cutter is not, 
Oountersiiiking tools may Jie classed with, reamers 
or boring tools according to the form of the hole 
produced, though in many cases the forms of the 
tools are not very different from those of drills, and, 
indeed, in some instances drills are actually em- 
ployed in countersinking, which miy he regarded 
as an operation whereby the end or mouth of an 
existing nole is enlarged and shaped. 
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Tlui foimation of tJi}K!rpd bores and holes is the 
woik of hmin'f tools and leaniers, and cannot he 
aceoniplished hy unmans of drills. Borin^f and reain- 
inj^ are finiKhin*' operations, didlin^f is vei) fre- 
(jnently a preliminary or roiighin^^ operation, and 
is only a finisliinf^^ 0])eration when no tiiu! def.,n e(! of 
accuiac} or finisli is^reqiiited. 

Drills, — hike othei ciittin}>; tools, these are made 
of liardened tool-steid. 'I’heir shapes vary somewhat, 



though for manufacturing purposes the so called 
twist and twisted drills are chiefly employed. 

The Flat Drill, -This is made in a variety of 
forms, the conmioii feature of which is the point 
or cutting end, this heiijg as indicated in Fig. dO. 
It has two cutting edges, and the drill point should 
be ground so that these are disposed at equal angles 
with respect to the axis of the drill ; otherwise, un- 
balanced cutting will occur, and the service of the 
drill will be unsatisfactory. For special work on 
fairly hard material, a flat drill may be made out of 
an old file and used with fairly good results. 
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Accmate, results cannot l>e secured continuously 
by means of the Hat drill, and even wJien it is m 
its best condition it does not coinjiare lavourahly 





Pin. 31. — Flal-drill aliauks. 


with the twist drill. It is, however, useful in those 
cases wherein odd-sized holes have to be drilled. 
The body ol tlu^ flat diill is iisually of circular 



s #8 * p 


Piu. 32.— Twist drill. 

section, and its shank (that is, its driving hnd) may 
be cylindrical, conical, or pyramidal, as shown in 
Tig. 81. The third form is suitable when the drill 
has to be used in a ratchet or hand brace. 

A flat drill readily loses its size, owing to wear, 
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which occurs rather rapidly at the outer ends of 
the cuttiiif* edxes. 

The Twist Drill. — The cutting edges of a twist 
drill ate t/'O in nutnher, these being formed at the 
ends two spiral or helical grooves or flutes which 
are nulled iii tlu' Inxly of the diill opposite each 
r ther. A typuial foim of twist drill is shown in Fig. 

the ]iait letteK'd l' hcung known as ihv'poiiil, 
tliat h'tteii'J l! as the //ed//, and that letteied S as 
♦he shank. The point is gmierally ground at an in- 
elusivi' iitlgle ol llH" (that is, 01) on each sidcot the 




Fin. Tapered fcwist-dnll shank. 


axis of the drill body), whilst the shank may be quite 
plain 01 cylindrical, as shown in this figure, oi 
tapyred, as shown in Fig. 33, with a tang at the end 
for driving purposes. The latter form admits of the 
use of the drill in a tapered pocket, either in the end 
of the driving spindle or in a special fitting inserted 
therein. These fittings are of two kinds, as indi- 
cated in Fig. 34, the form A being known as a sleeve, 
and the form B as a socket. Each of these can be 
inserted in the socket of the driving spindle of the 
drilling machine or lathe, or the loose headstock 
mandrel of the lathe. 

VOL. II. 


3 
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Cai'e must be taken, however, to H(ie tliat })oth 
hutes are treated exactly alike, so that the cutting 
action of the drill is a balanced one, a condition 



A 



1 


8 

Eld. HI.— Twist -drill sleeve and socket, 

which should always be satislied lor a number of 
reasons. . 

Twist-drill Rake.— The flutes of the ordinary 



twist-drill are right-handed, and in virtue of this 
fact the lips of a twist-drill are automatically pro- 
vided with cutting rake, the magnitude of which is 
equal to the angle of the flute spiral or helix. If it 
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is found ihaf, foi certain work, this angh* is too 
great, it can he reduced h} grinding on tiie tliite in 
the manner indicated in Fig. .35. 

Twist-drill Clearance. There are three kinds of 
clearance on a tiorrectly inadi' twist-drdl. These 
are known as {]) longitudinal or body clearance; 
(2) circumferential oi liind cleaiance, and (3) lip or 
point clearance The liist is formed hy gi’inding 
the body o) thi' drill slightly smaller in diametm at 
the shank end than at tin* ])oiiit, the difli'renee in 
diaiiH'ter varying fiom 0 0001" to (1 (X)()3" pm inch 
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Fig. H(),- -Foiias of twist-dnll land dcaram-c. 

of length of the body. The second is obtained by 
milling or grinding the body so as to form a narrow 
strip along the edge of each flute. These strips are 
known as “lands,” and may be formed concentri- 
cally (A, Fig. .36) or eccentrically (F, Fig. 36). 
The third elearance is probably more important 
than either of the other two, since a drill may cut 
when these^are absent, but it will not cut when there 
is no lip clearance. This clearance is obtained by 
grinding the point of the drill so as to form two 
lips, one behind each grooyp or flute, the grinding 
in each case being eccentric with the body of the 
drill, and of such an amount that the clearance 
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at the (iircumferencti on tlio ciittinjj; edge is 
approximately J5'’, as shown in Fig. 37. 

A rather ciinous point in connection with lip 



clearance is to he found in the fact that the cleai'ance 
angle should lie greater near the middle of the point 
than towards the circumference. The explanation 


C D 
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Fuj. ;W.- Diagram allowing twiat-drill point clearance, 

of this IS indicated diagrammatical ly in Fig, 38, in 
which AC and BD each represent the feed of a 
twist-dnll pei‘ revolution of the drill, OA the circum- 
ference of the point near the outer end of the cutt- 
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and 015 the cncuinference near the middle 
ol the point. The anodes A()(l and BOl) represent 
the imtiiinuni oi theoretical \aliie.y ol’ the lip eleai- 
ances at the two places considered, and it will he, 
seen that the anj;le associated willi tlie srnalii'i 


A 



Fia. 39.--Ptineiple oWavist-drill grinding, 
diameter oi' circumference is po'eater than the other. 
To obtaiiiP this condition it is necessary to jijrind 
twist-drills on a machine in a special attachment, 
the pi'inciple of action of which should he as shown 
in Fif.,N :i9. In this fifrure,^W represents the ^u'ind- 
ing wheel and 1) the drill The front face of the 
wheel is generally used, and the twist-drill holder 
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Hhould b(> capable of bein^^ swivelled about at axis 
Alb beiii^ set approximately at 20" to the verti- 
cil! face of the wheel. 

The correctness of the j^rindinfi; of a twist-drill 
can ‘feneriilly be determined by examination ot the 
point of the dtill. In Tif.; •!() are indicated the ap- 
])earances of a twist-drill with insiilhcient clearance 
(A), one with the coirect amount ol clearanci^ (1>), 
and one without clearance ((') 



Pid. 40.— Effects of correct and incorrect grinding of a twist 
drill 


The so-called chuckin*^^ drill (Fio. 41) is, according 
to our original definition, not a drill at all, but a 
boring tool, since it can only enlarge existing holes 
^ -it cannot originate holes. It owes its name to 
the fact that it has three or four spiral flutes like 
those of a twist drill, hut it has no sharp point. 

The Twisted Drill, This, in its modern form, is 
made only of high-speeil and super-high-speed steel. 
It is made of either flat, rectangular stock, or grooved 
profile stock. In each case the drill blank is actually 
twisted, and not fluted. It is claimed for this form 
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of drill that it is, weight for weight, much stronger 
than the milled drill, since the natural hhies of the 
steel are not cut into, hut only twisted. 

The t\Msted dull is soinetinies provided with a 
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twist 111 its shank (winch is invariably tapered), as 
shown in Fig, 42. lly this means the grip of the 
shank of the drill ui its socket is actually increased 
during cutting under the inHuence of the cutting 



Fiu. 42.— Twisk'd dull. 


forces exerted, since these foices tend to untwist 
the stock of the drill. 

The Straight-grooved Drill.- -This is a drill with 
a straight groove, and as such it has no cutting 



Fio. 48,- Straight-grooved drill. 

rake. For this reason, it's extremely suitable for 
the drilling of brass work-pieces One ionn of it 
is illustrated in Fig. 43. Lip clearance and body 
clearance are ground on it in the same manner as 
in the case of the ordinary twist drill. 

Boring Tools and Cufters.—A boring tool is 
usually employed in the lathe or the vertical boring 
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Hhould b(> capable of bein^^ swivelled about at axis 
Alb beiii^ set approximately at 20" to the verti- 
cil! face of the wheel. 

The correctness of the j^rindinfi; of a twist-drill 
can ‘feneriilly be determined by examination ot the 
point of the dtill. In Tif.; •!() are indicated the ap- 
])earances of a twist-drill with insiilhcient clearance 
(A), one with the coirect amount ol clearanci^ (1>), 
and one without clearance ((') 
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The so-called chuckin*^^ drill (Fio. 41) is, according 
to our original definition, not a drill at all, but a 
boring tool, since it can only enlarge existing holes 
^ -it cannot originate holes. It owes its name to 
the fact that it has three or four spiral flutes like 
those of a twist drill, hut it has no sharp point. 

The Twisted Drill, This, in its modern form, is 
made only of high-speeil and super-high-speed steel. 
It is made of either flat, rectangular stock, or grooved 
profile stock. In each case the drill blank is actually 
twisted, and not fluted. It is claimed for this form 
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its end. In the latk'i case, the screw metfiod, as 
illustrated in Fie. 4H, is trequentl) resork'd to. 

A hoiine euttei -head imist not lie confounded 
with a hoi'ine hai cutter oi a horiufj; tool. It con- 
sists, (jjenerally, <»l‘ a cAlindrical body ol cast non or 
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mild steel (preferably tlie hftter), in the peiiphei y or 
side of which several cutters or blades are inserted 
One arranj^einent of cutters is indicated in l'4o. 4h. 
In this case six cutters are carried in the iieripher) 
of the head, and these are held in position in their 
respective slots oi groovet^ h\ means ol wedges or 
keys which are driven into circulai holes in the 
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body. Another deBi^oi of boririf^ head is shown in 
hO. In this case, the cutters or blades are held 
in position by taiiered wed{j;es which are driven in 
the cuttei slots immediately behind the cutteis. 



Fin. 47.— Boiinfi bar. 


A boring head may be fixed ligidiy on its bai', or 
it may be mounted on it in such a way that, whilst 
it must rotate with the bar, it can he fed along it 




by means of a screw and nut under the control of 
wheel gearing driven by the bar itself or the driving 
spindle of the boring machine. 

Reamers. These are essentially finishing tools, 
both in regard to condition of surface and diraen- 
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sio)is. They are themselves finished accurately to 
size ou specially-designed gtiiiding machines, and 
unless their cutting edges are maintained sliarp, 
they do not yield satisfactoi\ lesults. 



Fir: ‘1').— ciitti't lioad. 



Fio. 50. JJornig oiitter head. 


lieamers are of three general types: the solid 
reamer, the shell reamer, and the adjustable reamer. 
The last is specially useful where it is absolutely 
necessaiy to linish holes within certain fixed limits 
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of (^iTor. Keaniers are fiii'ther diKtingiiished l)y the 
manner of their use, tliat is, whether they aie used 
l)y hand or in a machine, such as a dnllin^r machine 
or a lathe. ITsually. only the first and third types 
ai-e used in hand-ream m^^ operations, whilst all three 
ty])f!S are usisl in connection with machine-reaminj^^ 
o])erations. 



Fici. 51 ■ Hand tcaninr. 


The Hand Reamer.— A solid form of hand reamer 
foi linishm^f parallel holes is shown in Fig. 51 . The 
mam paits of this form ot tool are a body H and a 
shank S, the latter having a sipiare end on which 
a wrench of the form indicated in Fig. 52, or a simi- 
lai form, is placed for the purpose of rotating the 
reamer about its own axis by hand. 





Fin. 52.— Wrench for reamers and taps, 

The starting of a reamer iu a hole is a matter 
involving iioth judgment and care, and even when 
these are exercised difficulty is sometimes experi- 
enced, To surmount this difficulty the self-feeding 
foiin of reamer is used. This is provided with a 
finel} pitched screw thread on its teeth at the point, 
as re])resented in Fig. 58. 
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The sectional sliapc of a tooth ot a hand leainer 
is indicated in Fijf. S-l, in which lignre the angle B 
IS the relief or clearance angle and has, in ])ractice, 
a value of from 3" to !'i'. II the angle 6 is gi eater 



Jmi. St'lf fi'cdmt^ li.uitl rcaiiii'i 


than 0 the ti'eth aie geneiall> too shai)) or keen 
and tend to dig into the surfae,e oj the. work-) nee, e 
a, tendi'iicv which militates stiongly against thi' loi- 
niation of a smooth sin lace. The teeth aie loinied 



f)4. -i'orm of roamor tooth. 

by hute-raillmg, the flutes in this case being straight 
and of the shape showm in the figure. 

In the adjustable form of hand reamer, the cutting 
edges are formed on blafdes which are inserted in 
a mild-steel body, and held m such a manner that 
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they can ))e readily adjusted in position for the piir- 
})Ose of enlargiuf' the reamer. 

A simple form of adjustable reamer is indicated 



Fio. r»r).--Afljnst,ablo liaiid roaincr. 

in I'lg. 55. In this loim the blades lit tightly in 
tapeied gimni's in tht* body, and when thi'y are 
blunt they ari' diiven u]) the giooves slightly and 
then ground again to tlu! eoneet size. Such a form 



Pin, 5fi.— Houghing tajiered reamer, 
of adjustable reamer can be used in blind holes, a 
quality not possessed by all forms of adjustable 
reamers. 

Tapered reamers arc geneially of two varieties: 



Fig. 57.— Finishing tapered reamer. 


roughing and tinishing reamers. The cutting edges 
of the former (Fig. 56) are preferably serrated or 
notched to break up the chips, whilst those of the 
latter (Fig, 57) must be continuous and unbroken 
to produce a smooth surface. 
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The sectional sliapc of a tooth ot a hand leainer 
is indicated in Fijf. S-l, in which lignre the angle B 
IS the relief or clearance angle and has, in ])ractice, 
a value of from 3" to !'i'. II the angle 6 is gi eater 



Jmi. St'lf fi'cdmt^ li.uitl rcaiiii'i 


than 0 the ti'eth aie geneiall> too shai)) or keen 
and tend to dig into the surfae,e oj the. work-) nee, e 
a, tendi'iicv which militates stiongly against thi' loi- 
niation of a smooth sin lace. The teeth aie loinied 



f)4. -i'orm of roamor tooth. 

by hute-raillmg, the flutes in this case being straight 
and of the shape showm in the figure. 

In the adjustable form of hand reamer, the cutting 
edges are formed on blafdes which are inserted in 
a mild-steel body, and held m such a manner that 
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and them ilgidly thm'to. Tho ordinary 

form of reainm- sliell is iiulicatiod in l^i^n 59, from 



Kic (»(). ('niiihiiiod ct'iil't 111}' (lull and rcaiiici. 

uliicli it, will lt(‘ siM'ii tliat, tlu‘ slu'll IS made- ol a 
sni'^'K' ol steel, on w'hieli eaiUiii}; ed^'es ai(! 



Fin. ()!.— Coinlmied ccut.riii}' drill and reamer. 
loinied,and in which there is a driving slot at the 
end. 

The Combined Centring Drill and Reamer. - 



Fri 62.— (Combined flat centring drill and reamer. 

This is used in connection with the drilling and 
learning (or countersinking) of the centre holes m 
the ends of woi k-pieces to he machined in the lathe 
or grinding machine. It exists in several forms, 
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four nl which arc vc])rcseiitcd in 60 to 66. 

The lirsL and third of tlicsc, it will he ohaerved, are 
solid, the lust with a tapeied and tanfj[cd shank and 
tlic other with a jiaiallel shank, whilst the others 
are of the hui!t-ii])*ty])e, the countersinking (dement 
ol which in th(‘ one case is an inserted hlade, and in 
the othei' tei'th lorined wi the body of the reamer. 

In Fig. 61 IS shown the use ol a douhle-ended 
comhined ceiitnng drill and reamer in a hell-cen- 
tring chuck, till* employment of which avoids the 
necessity ot inarkiug-out and centre-punching for 
the centi'i' hole in the (Uid ol tlu' woik-])iece. 
Reaming Allowance.™ H too much metal is left 


Fiti. f):-!.— Gomliitiud ccntini;; dnll and reamer. 

ill a hole to he reamed out, the cutting edges of the 
reamer are subjected to a ver} heavy duty, and they 
have a consideiahle tendency to hlunt I’cadily. At 
the same time, clogging in the flutes of^V^ reamer 
is liable to occur, and this is very often accompanied 
by tearing ol the metal, a condition which is always 
present when a I'oiigh surface is formed in a hole 
by a reamer. On the other hand, if too little metal 
is left in the hole, it may he found impossible to 
clean the hole up, that is, to remove in its entirety 
the surface formed in the hole in the previous machin- 
ing operation. It, therefore, appears that the happy 
mean should he aimed at in every case. This mean 
depends upon the diameter and length of the hole 
VOL. II. ‘ 4 
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Trepanning or Coring.— This is essontiall> a 
hol(‘-oi-i^qiiatiiit' operation, tlioiiph the (lianietiM ot 
ilie liole 01 is peiierall) iimeli preatei than 
(toiild he obtained by means ol diillinp Ati('])an- 
limp o[)t‘}aiion illustrated in hip. (i-h. A ]ie!- 
usal of tins lipiire will show that, unlike drillinp, 



Fin. (»5.— 'trepanning oi*conng opciation. 

this operation does not involve the breakinp uji ol 
all the metiJl to he removed, but admits of a solid 
central part or coi’e of metal heinp removed bodil}. 
This, of course, results in a savinp of material and, 
petierally, of time. Some gun tubes’’ and turbine 
drums are made from ingots or bars which have 
been trepanned so as to remove the interior of the 
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iiiiiss, wliich fiforuTiilly is tho ]»iU't which coiitaiiis 
ilic <^r(‘atci iiiiinlxT ol flaws. 

In (if) IS illustrated one form ol tool iisi'd for 
the formation ol holes ol comparatively lar^e dia- 
imders in thin plates and sheet'. It is a lorin ol 
tre,])anmn<^ tool ; thoii^di its use involves the drillinj' 
ol an initial hole in which the ]nlot end or ^mide 
ol the tool-har i evolves It will Ix^ seen that the 



Fin. (111. - Cutter for large holes in thin mati'i'ial. 

cutting element is secured in the hai- hy means of 
a small grub screw; an alternative, arrangement 
embodies tlie use of a small cotter or w^edge about 
the cutter. This lorni of tool is extieniely useful 
in connection with the making of washers (when no 
better method is available), though in this case the 
pilot end ol the bar is replaced by a flat-drill end. 

Arboring.- -This, strictly, is not an operation on 
a hole at all, though it has. generally, some connec- 
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tioii with ;i hole. It is included amongst these 
operations, however, hecaiise, in some forms ol 
arhoring tools, cutters of the l)oi ing-cutter variety 
are used. Arhoring is a lorm of the operation 
known as s])ot-faeiitg, and is essentially a fiat suilace 
opei’ation, and includes the facing of the iindei'sides 
of tlangf's toi holt-lu'ad ayd nutseatmgs. In I'hg 07 
IS re]iresented one loim ol aihonng tool, the cutter 



Pin. 67.— Pacing tool. 

in this case being provided with six or eight h'eth 
and mounted ^n a splined ro*l The nut is used to 
put the feed on, so to speak. The tool, as a whole, 
is rotated Ijy hand through the medium of the 
square end at the top. In place of the cutter with 
niore than two teeth, frequently a flat facing cutter 
with two straight cutting edges is employed, this 
being inserted in a cross slot in the bar and held 
there by means of a small wmdge or cotter. The 
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iUlow on the diaf^i'am indicates the direction ol 
motion ol’ the tool when in actual us(‘. 

This o])eratiori is also jiei formed on machines, 
drilhn^^ machines heiii*^ those which are chieily em- 
ployed in this connection < 

Grinding Twist Drills. A twist drill, to he 
coiieetly <^Mound at the point, must have its two 
cutting ed},TS ol eijual lengths and inclined to the 


A 



Fk.. (IS. -Dia^iam illustiatiu^ i)alauoKl dull attion. 

axis ol the body of the drill Uit e{pial angles, and, 
unless these two conditions are satisfied, the drill 
will toiin a hole of a djameter greater than its own. 
The various jiossihilities in respect ol this matter 
are indicated grajihically in Figs. 68 to 72. 

I n Fig. 68 the correct conditions are represented, 
fn this case each cutting edge (OP and OK) is of 
the same length and inclined at the same angle to 
the axis of the body of the drill, that is, the line All 
in the figure. Conseijuently, the diameter of the 
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h()I(! IS the same as thai of tlw' di’ill, and eatdi cuttin;^ 
(‘d^n takes onediall of the feed and does one-half of 
the woik, 

The (aise wlin-eni the two enttin^^ ed^es a, re of 
e(|iial lengths, bih ineliiK'd at dilfeicMit anodes lo 
the axis of tlie body o( the (hill is lejiresented m 
()9 Jn this hjfiire O is the point of the drill mid 
Ah is tiu' a.xis of th(' l)od\ ol the diill It will he 

A C 




B D 

Fi(,. (jt). — Diagiani illnsM-atlug uiibalanc-ed drill aeUoii. 

noticed that the jioint 0 is not contained in the line 
AB, hut in tlie line (ID, which is parallel to AB. 
Hence, the axis of revolution is (10 and iwt Alh 
and the hole is made ol a dfameter larfrer than that 
ol the drill, nearly all the woik hein^^ done hy one 
cutting ed^'e, namely, the one which is inclined to 
the body axis at the {greater angle. The relation 
between the amounts ol work done by the two cutting 
edges is represented hy the latio betVeen the two 
sectioned areas. 
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Jn I'ig. 70 IS illustrated the case wherein the two 
cutting edges are at equal inclinations to the hoily 
axis (AB), hut aie of unequal lengths. ’Here also 
th(' ])Oint 0 IS not contained in the body axis AH, 
hut in the line (d), which is the axis ol revolution, 
lleri', howevei, the dis])aritv between the amounts 
of work done by the two cutting edges is not as 
great as in the above case, a'lesult winch is obvious 

A C 


Fig. 70,~I)iagraui illustrating unbalanced drill action, 
when the two sets of sectioned areas are compared 
with each other. As in the second case above, the 
diameter of the hole formed under these circum- 
stances is larger than the diameter of the drill. 

In Figs. 7l and 72 are mdicatad the two sets of 
conditions embracing ineijuality in lengdh and in- 
equality in inclination of the. two cutiing edges. 
In the case of Fig. 71, the longer cutting edge is 
inclined at the greater angle to the body axis, whilst 
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in th(i other oase it is the shorter cuttin<{ edf^e winch 
is so inclined. This difference between the two 
cases, it will he noticed, lesults in a ditfeience in 
the relation hetvseen the amounts of work done by 
the two cnttiiif.; ed^es, the ratio between tlu' tw^o 
amounts hein^f less in th(‘ lattei case than in the 
former. On the other hand, both drills jiroduce 
holes of diameters j.^rcat'er than their own. 


A C 



B D 


Fig. 71. — Diagram illustrating unhalan' ed dull action. 

All the conditions represented in tlie last four 
ligures are also unsatisfactory loi the leason that 
the drill in' each case has tb i evolve about one axis 
at its cutting end, and about another at its diiving 
end. Thife induces unnecessary torsional and bend- 
ing stresses in the dull, and is one of the most 
prolific causes of fracture in drills. 

It is, therefore, necessary to see tl?at both mitting 
edges are of equal lengths and inclined at equal 
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rUi^'Ios to tin* iixis of the body ol the drill, d'he 
iiielination should he dealt with hrst, as it is much 
easier to alter the len^^tli of either ciittiiifjf edf^^e after 
th(' collect mcliiiatioii has heeii seemed than it is 
to alt.m th(‘ inclination after the coi lect leiif^th has 
lieen olitaaned in tact, the latti'r h'at is almost an 
im]>ossihility. 

The inclination o( tlu' cutting edj4<’ of a twist 
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Km. 7‘2. -Ihagram ilhistratnig uubalaiiccd dull action, 
dull can he checked hy means of a bevel protractor, 
a bevel f^aiif^e, or an an<i;le tem])late such as is 
shown in Fic. 7d. The length ol the cutting edge 
can be detennined directly by means ol a graduated 
rule or a scale marked on the angle template (Fig. 73). 
An indirect methid, which -is quite as suitable as 
either dnect method, is indie ited in Fig. 74. In 
this case, the axial distance of the outei end of the 
cutting edge from the inner end, or })oint of the 
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(hill, IS measmed on tlit* ^M’adiialtrd blac 
ordinai-y sqiiaic. 

Grinding Reamers. Ib^anuM-s can hr 

tacioiily fjjtoiind cnily on S|)('{:ial tool and (nittci' 
l^rindinn inai^hnj^cs, in winch tlic |•eanlCl•s aic hold 
in s])(«c]al 1 elation to tin' f^iindin^^ wheels diinn*; 



Fio. 7.J. -Drill-gnudiug template. 

the operation ol erindin;.;. Kach reamer is mounted 
hetweeri centres on the table ol the machine, and 
the teeth are ‘ground one at a time, the particular 
tooth undei ope ation being jiret'erahU held against 
a tooth rest or guide hngei. (Tenerally, two forms 
of grinding wheel are aval able lor this kind of 
work, the disc form and the cup form. The former 
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is shown in 75, and roi’ins a hollow oi' con- 
cave'. tooth-land, whilst the latter, which is indicated 
in Fig. 7(i, forms a Hat tooth-land. Of these two 
lorrus ol land, the lattei is jirelerahle,, since the 
cutting edg(' which accompanies it is slightly 
stronger than thi' cutting edge which belongs to the 
other foj'iii of land. Theie is another form of tooth- 
land which is in use, though to a very limited ex- 
tent, chiefly on account of the special character of 



Em. 7fi. — Ciriiiding roamcv teetli with nip wlu’t'l. 

the eiiuipnieiit which is required for its production. 
It is a curved land like the concave land, but the 
curvature is outwards (Fig. 77) and not inw^ards, the 
curvature being that of a circular arc which is 
eccentric with the circle passing through tlie cutting 
points of the teeth of the reamer. 

Drilling in the Lathe.— Work-pieces of simple 
shape — such as plain forged steel discs or iron cast- 
ings — have frequently to be drilled^ and faced up in 
the lathe. In such cases it is customary to grip 
the work-piece (W, Fig. 78) an a four-jawed chuck 
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)f tlif! inclept'ndent jaw tyj)e, and to loice thn drill 
hiouf^h the work-jnece thioii^li tin* inediuin of the 
oos('-headstiOt;k niiuidi el. The drill D iiia\ he (dthei 



Kk! 77- RcanuM' tooth willi coin f!\ land. 



b’lG, 7H.— Drilling in tlio lathe, 
locketed in the headstock mandrel M or mounted 
)n the headstock centre. In the former case, the 
rictional grip between the mandrel socket and the 
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(lull shank is usuall\ sullicitMil to admit ol thf* 
dull l)("]n^ I'oKK'd thioii^di th(‘ woi k-])i(‘ct‘ without 
Hli])|)in^u In thi‘ lattm cas(', a lathe canuu is 
iisiiari\ inountfMl on the shank ol th(‘ diill, and this 
IS hold eitlier in t^u^ li:i,nd oi af^ainst the iipjitu' jiait 
of tlu' slide rest. 

To p,uide the (hill at the stai t, it is geiieiall^ 
found desirable to us(‘ a small hai !>, such as the 
shank of a lathe tool, hv secuim*^ it m tlie tool holder 
of the slide-rest and feeding; iip against the drill, as 
IS indicated in the li^j^iiriu 

J'W the drillinj^of lairl\ hard st(>el foij'in^s in the 
latlu' ’t IS sometim 's found that a dull of tlu' flat- 
(hill type will yield hotter results than will a twust 
(hill. This IS pi ohahly parti \ due to the fact that 
with the foimer tyjie ol dull theie is moie chi}) 
room, than with the lattei, thou<;h it has no self- 
cleai tug pro])ei ties. 

Drilling by Means of Jigs.— When a large 
number of idmitical work-pieces have to he drilled 
in precisely the same manner, modern practice 
ordains the use of a jig or jigs. The object to lie 
attained in the use ol jigs is not merel} the drilling 
of all the work-pieces alike, hut also a considerahle 
i‘eduction in the time occupied upon the work. The 
gain resulting from this time-reduction is ollset 
somewhat by tho cost of making the jig or jigs, and 
also by the fact that the life of the jig oi jigs is 
limited. 

The essential leatures of a diilling jig are (1) 
accommodation lor each work-piece iji one position 
in the jig, and (2) elements lor guiding the dull or 
drills at pre-detei'inined points in relation to the 
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])ositiori of the woik-piece in tlu; ji^f. The (i^uiding 
eJenients^ aie iisiially hardened-steel hushes inserted 
in the frame or body of the ji^^. The general design 
of a drdimg |ig (le])eiids iijion (1 ) the geneial dimen- 
sions ol tile \vork-])iece, (‘i) the ge.ieral shape of the 
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woik-})iece, (3) the diameters of the holes to be 
drilled, and (4) the number of, and relation be- 
tween, the holes to be drilled. 

The two chief classes of jigs are (1) the plate jig 
and (2) the box ]ig. A simple example of the former 
class 18 indicated in Tig. 79. In this case, the 
woik -pieces to be drilled are of the shape shown in 
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ih(' u p] )(',!' pill t of the %imv iti and elnvation, 

and liiis to hiixo six holi'S drilled in it as shown. 
The ]i^ IS made of two pii'ci's ol sheet steel riveted 
to^mthei, the lowia one Immii;^ slia])ed inteinallyto 
Sint the wmrK’})ieees, whilst in the ii|)])ei one the 
^nide. hushes lor the dull ate msmti'd WTien in 
use this I'oi m ot jie is sini])l\ held down ovin the* 
woik-pieceon the tahit* of the diilliii” macliine liv 
liiiiul. Where tlie woik-])ieoe is not thin in any one 
<hi ection, ef-nei all\ il has to he seemed iiieehanieally 
in the |i;i. 

It should h(‘ olisi'i V('d that, in dulling by nit'ans 
of |iys, the piocess of inai kine-out is almost m- 
variablv entirely dispensed with, tliou^di it is oe- 
e;isioni.tlly neeessar\ to jireeede, the drillme ojii'ni- 
tion by some othi'i niiicbinin^ ojx'iiition lor the 
pin])0si' of loimme out' oi moK' didiiiite loeiitm^^ 
surfaces on eacdi work-piece. 

Drill Sizes. — Many of the twist drills ol the 
smaller sizes arc made from drawn steel rod or wire, 
w'hose dimensions are based upon the Stubs’ steel - 
wire ^j^aiige system, fn this system, each diameter 
which is included is associated with a given number 
or lettei, all the numbers from 1 to (SO and all 
the letters of the Knglish alphabet bidng used. In 
Table 1 of tlu' Ap])endix is given a list of the 
decimal equivalents in Knglish iiK'asure of the iOG 
gauge numbers and letters of this system, which 
must not* be confused w'lth the Stubs’ iron- wire 
gauge system . 

ilrills of the larger sizes, and some ol the smaller 
sizes, are made in even fractions of an inch or 
multiples of a millimetre. 

VOL. II. b 
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Drilling Speeds and Feeds, -The speed of n di ill 

is usually j^iveii as an angular speed, that is, in 
revolutions jier minute. Jt is, however, the surface 
or (drciimferential sjieed of the drill that determines 
the angular speed, s.nee it is upqn the former that 
the endurance of the cutting edges of the drill 
dopimds. 

The ordinary linear le.ed of a drill is defmahle in 
two ways , in the first, it is defined as thi' longitudinal 
or axial movement of the dull pel levolution of 
itself : in the second, it is defined as the niiiiiher of 
revolutions made hy the dull pei inch of longi- 
tudinal movement of itself It is ohvious that these 
two (juantities are leciprocals of one another, the 
first being a distance, and th(> second a numher. 

The most suitahle eomhination of cutting sjieed 
and feed in any given case will de])end very largely 
on conditions connected with the natuie of the metal 
to he drilled, its physical condition, the form and 
rigidity of the drilling machine, and the condition 
of the drill. It is possible, liowevci, to distinguish 
between plain oarbon-steel drilling and high-speed 
drilling. 

With carbon-steel drills, the surface cutting- 
speeds used when drilling iron and steel range 
from 12 to 28 feet per minute, whilst in connection 
with the drilling of brass and hrou/.e the surface 
speeds vary from 20 to 40 feet pei minute. An 
average drilling speed for iron and steel with 
carbon-steel drills may, theieforo, he taKeii at 20 
feet per minute, and that for brass and bronze 
under the same conditions at 30 feet per minute. 

With high-speed drills, the above surface cutting 
speeds may be quite safely increased threefold. 
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With both plain carbon-stecl and hi'fh-s})eed 
drills the i'eed (in inches pei revolution of the 
drill) de])endK ipion th(' diameter of the drill, any 
increase in the lath'r reijnii’in^ an almost propor- 
tionate increase yi the foinier Generally, the 
feeds of hif^h-sjieed dulls aie ^neater than those 
of plain carhon-steel drills. 

Tn Table 11 of the Apjiendix is ^nvim a list ot 
averajife an^nilai' speeds and coi respond in fei'ds toi 
jilain carbon-steel drills of dilleient diainelets when 
used on iron and steel and on hiassand bronze. In 
Table 1 II. oJ the Appendix is piven a similar list for 
Use in conneciion with tlie empkpmcnt of high- 
speed drills. 

General Observations on Drilling.— A drill to 
cut effectivel} must have its cutting' edges main- 
tained, sharp and correctly formed, it being a sheer 
waste of time to attempt to force a blunt drill 
through a work-piece. 

The employment ol a copious how of a good com- 
pound having cooling and lubricating properties 
when drilling undoubtedly extends the life of the 
cutting edges of a drill to a great extent, whilst it 
also slightly reduces the amount of power required 
in the drilling operation. To obtain the best re- 
sults, however, the siqiply ol compound to the drill 
must be a very copious one, preferably under a 
slight pressure. An old-time compound is one 
containing soft soap, soda, and water, hut the more 
modern so-called soluble oils or cutting compounds 
have largely taken the place of this.^ These new 
compounds contain a pine oil and an animal oil as 
essential ingredients, and whilst sonic arc miscible 
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with wftteV and form comparatively clear solutions, 
others are not miscihle and foi'in einuls ons or s niii- 
einulsions. 

^ jikm should })e drilled without the ust' of a 
cutting compoimd. <- 

Before a diill is inserted in a socket or sleeve, 
eaie should he taken to see that the shank of the 
drill IS (juite clean and that no small particles of 
dirt or metal aie adhering to it Failuri', to attend 
to this matter is the most prolific cause of damage 
to sleeves and sockets and to the shanks oi twist 
drills. 

(ienerall), a tiuei hole can he ohtained with a 
lotating woik-])iece and a st,itionai\ drill than with 
a rotating dull and a stationary work-])iece, In 
fact, it IS possihlt' to drill a disc of the size- of a 
sixpence across a diameter from circiimlerence to 
circumference without hreaking through in either 
direction, if the disc can he levolved and the drill 
simply fed into it. 
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CfTAl’THj: III. 

HILI.INI!, 

TiiK process of motal-inillin*^, which is of such 
trcmciidous miportaiice at the jiresent time, is iiy 
no means ol r(*cerit orif^iti, hut it was not a practical 
success until the dcvelopiii mt of thi^ modem j^rind- 
me process and the means wlierehy the teeth of 
millm^f cutteis could he ojound accurately and ex- 
l)editiousl> . And t'vmi then th(‘ cost of the cutters 
reijuired and their appaient fra^nlity stood for a 
long tirrifi as a har to the progress of the process. 
To-day the principles underlying milling are better 
understood, so that th<' process has been able to 
take its rightful jilace in the' engineering w'ork- 
sho]). 

Milling may he regarded as a jirocess of removing 
metal from stock by means of revolving cutters 
(which usually have a comparatively large numher 
ol teeth). It is, however, distinctively different 
liom boring and reaming, inasmuch as it is mainly 
a process which is applied to the exteriors of work- 
pieces ; add wheie it is applied to interiors, a 
difference between the two sets of processes exists 
in the fact that boring cutters and reamers fill the 
bores or holes that they work in, whereas the 
diameter of a milling cutter is generall} much less 
r(J‘h 
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than the (iiaineter of the hole in vvlneli it is woik 
in^f. 

Milling Machines. — They may he classified as 
follows • — • 

J. Lincoln millin*; machineir, with horizontal 
spindles. 

2. I’lain pillar-and-kuee nnllinjf machines. 

d. Universal horizontal milliiiff machines. 

4. riano-millers, or slabbing machines. 

5. Vertical-spindle milling-machines. 

(). dear-cutting machines. 

7. Special milling machines, for such work as 
twist-drill fluting and thread-milling 

The first, second, and fourth types are suitable 
only for the production of flat or plane surfaces on 
work-pieces. The plano-niiller is much used in 
connection with the machining of jietrol-engine 
crank-cases and automobile gear-boxes in large 
quantities, this being done with the aid of jigs and 
special fixtures. 

The third type is of such a design that practically 
every known form of milling can be done on it, 
though not always in the most expeditious manner, 
l^lane surfaces, horizontal, vertical, and oblique, 
can be milled ; all kinds of tools can be fluted, with 
either straight or curved flutes ; gear wheels of the 
spur, level, spiral, and worm varieties can be cut; 
and the most complicated work involving spirals 
and angles and indexing can be done in it. 

The fifth type comprises two sub-types, the plain 
machine and the profiling machine. On the former, 
generally, only compamtively plain work can be 
done. On the latter, in addition to plain work, the 
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special work of profile-formation can be done, with 
or without the aid of formers or copies. 

The sixth tyjie comprises machines known as 
^ear-cuttin^^ oi' ^^ear-millin^ machines and fjjear- 
hohliiii^ machines^ They are a development of the 
univei'sal niillini^f machine, but they have nothing 
universal m tlieir charac,ter, though the jirinciple of 
some of their movements is jiractically the same as 
that of the movements of the universal milling 
machine. 

Twist-dnll Huting machines are highly specialised 
machines, (leneialiy, their design is such that the 
two flutes of a twist-drill are milled out at the same 
time, or that two drills have each a flute milled out 
Himultaneousl) . There aie several methods of at- 
taining either of these oiijects. 

Thiead-milling is the latest of the milling pro- 
cesses. By means of it, screw threads are cut much 
more expeditiously than with single-pointed cutting 
tools or chasei s, though, in connection with scpiare- 
thread cutting, it does not yield accurate results. 

Types of Milling Cutters. —Milling cutters may 
he classilied in several ways. The first classification 
divides them into fluted cutters, formed cutters, 
and inserted-tooth cutteis. (hitters of the first two 
classes ai-e yivariaiily solid ^cutters in themselves, or 
built up of sohd-eutter elements. Cutters of the 
third class are always made up of mild-steel or 
cast-iron bodies, in which are inserted and rigidly 
secured the blades or cutting elements. 

Fluted Milling Cutters. — The te^th of milling 
cutters of the fluted variety are of two principal 
types, namely, those with straight cutting edges and 
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those with curved cuttiu" ed^fes. Eacli principal 
type can he divided into thiee sub-types, accordiii}^^ 
to the character ol the surface in which the cutting' 
edffes of the teetli can he siip])osed to lie situated. 



Die. HU.- riiroctioii and position of axial ciittuig cdgi*. 

The thre.e sub-ty])es of straight cuttinfj; edf,u*s are : 
(1) tlie axial ciittino edoe, that is the cuttint( ed^u^ 
which ispaiallel to the axis ot the cutter, (2) the 
radial cuttiii}; edf^e, that is, tlu* cuttiii^f ed^ui which 
loi ins a radius to tlie cuttei section normal to the 



cutter axis; and (d) the inclined or olilupie cuttintf 
edoe, that is, tlie cuttino ed^e winch is inclined to 
both the axis of the cutter and its normal sections, 
duttinij; edges of the first sub-type are invariably 
situated in a cylindrical surface (Fig. 80) ; those of 
the second sub-type always in a flat or plane snr- 
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fiic'-e H]) ; whilst those of the third sub-type are 
always situated in a conical surface (I^’ig. H2). 

01 the curved ciittini^ edges, the three suh-typ(‘s 
ai(“ • (1) the helical cutting I'dge (sonietmu's, though 
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\sroiigl\, desciilied as the sjiiral cutting edge), that 
IS, the cutting edge which is in the loriu of a helix ; 
(2) the s])iral cutting edge, that is. the cutting edgi' 
which IS in the form ol a tine spiial; and (8) the 
volute cutting edge, that is, the cutting edge whicli 



Pm. K'?.- Direction and position of helical cutting edge. 

IS in the I'qiin ot a \olute. Outting edges of the first 
of these three siih-types are always situated in a 
cylindrical surface (hhg. Hd) , those of tin' second 
sub-type invariably in a flat or planer surlace (h'ig. 
h4) ; and those of the third sub-type always in a 
conical surface (Fig. 85). 
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The cutting' ed^T.s of a fluted milling cutter are 
obtained by forming teeth liy the fluting process., 



and tlie description of tlie cutting exlge of a fluted 
milling-cutter tooth always defines tlie tooth, Thus, 



a tooth winch has a helical cutting edge is known 
as a helical tooth, and this description is sometimes 



Fid. sr,.— Slitting saw. 


given to the cutter, the only excuse for which, how- 
ever, 18 the brevity of the description. 





Axial teeth are to be seen on the alittin^^ cutter 
shown in h’lg. 86, on the end mill shown in Fig, 87, 
and on the side-and-l‘ace or slotting cutter indicated 
in Fig. 88. Radial teeth are indicated on the end 
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mill in Fig. 87 and on the slotting cutter in Fig, 88 , 
they are also to he found on cutkirs which are known 
as single-angle milling cntteis, somewhat like the 
angular cutter indicated in Fig. 89, hut with one 
face normal to the axis of the cutter. Inclined or 
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ohli(|ue teeth are to he found on angular and dove- 
tail cutters, as in the case of the double-angle 
milling cutter represented m Fig. 89. Helical teeth 
are used chiefly on plain milling cutters, such as 
illustrated in Fig. 90, and end milling^cutters. True 
spiral and volute teeth are not ordinarily used, but 
only in special cases. 


'if(i MAdllNK AND FTT'l'lND SH()1’ PltAc'TTcK, 

riiiiti imlliiifjj cutters have only either axial or 
helical teeth, that is, only one set of teeth M,nd not 
several, as is the case with otlu-r forms of hiited 
millin^^ cutteis I'lain millin;^ cutters are those 
which are ordinarily employed m the iormation of 
flat 01 ])lane sm laces of \\ork-])ieces ol a ^mneial 
chaiacter. The tcf'th, instead of hem^f mdividuall) 
continuous liom end to end, aie sometimes nicked 
01 notched to lireak up the chips wdiich are loimed 
ill the cuttinjf o])('ration. and so pre\eni cloeem^r 




Fin, H9. —Angular Fin. '10. -Plain nnlluig ciUter 
milling cuLtc I . with lielioal tcetli. 

ill the flutes of the cutter. A plain milling cutter 
with helical teeth is indicated in Fig. f)(). 

The usual shape of the teeth ol a plain milling 
cutter taken iii a plane at right angles to the axis of 
the cutter is shown in Fig 91. On the outside the 
tooth IS bounded hy thri'e surfaces which are in- 
dicated more distincth in the enlarged diagram in 
Fig. 92. The jioiiit A m this figure represents the 
cutting edge of the tooth; the hue AH represents 
the narrow surface on the tooth immediately behind 
the cutting edge which is known as the land of the 




Axial teeth are to be seen on the alittin^^ cutter 
shown in h’lg. 86, on the end mill shown in Fig, 87, 
and on the side-and-l‘ace or slotting cutter indicated 
in Fig. 88. Radial teeth are indicated on the end 
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mill in Fig. 87 and on the slotting cutter in Fig, 88 , 
they are also to he found on cutkirs which are known 
as single-angle milling cntteis, somewhat like the 
angular cutter indicated in Fig. 89, hut with one 
face normal to the axis of the cutter. Inclined or 
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ohli(|ue teeth are to he found on angular and dove- 
tail cutters, as in the case of the double-angle 
milling cutter represented m Fig. 89. Helical teeth 
are used chiefly on plain milling cutters, such as 
illustrated in Fig. 90, and end milling^cutters. True 
spiral and volute teeth are not ordinarily used, but 
only in special cases. 
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crease in the efliciency oi cutting action of a milling 
cutter on such materials as nuld steel and cast iron 
is registered when the teeth are provided with an 
amount of pe.siV/iT fiont I’ake, as is indicated in the 
uppet diagram in Fig. 911 hy thti angle On the 
othei hand, milling cutters for use on such materials 
as brass and bronze give much better results if their 
teeth are so formed that tlieii front cutting faces 
slope outwards and not inwards, that is, il their teeth 
have an amount of najalire fiont rake, as is iii- 



Fio. 92. — SecLiou of milling-cutter tooth. 


dicated by the angle <fi in the lower diagram in 
Fig. 93. 

The helical form of tooth for this type ot milling 
cutter is preferable to the straight axial form. This 
is owing to the fact that,^ when the straight tooth is 
in action, the entire active length of the cutting edge 
of the tooth conies into action at one instant, as is 
shown in Fig. 94, in which the two arrows indicate 
the instantaneous directions of motion of the work- 
piece and the cutting edge ; whilst, when the helical 
form of tooth is at work, the active part of its cutting 
edge moves into action gnidually, starting at one end 



MILLINci. 


79 


and passii]^^ aciOHs the work-pieee to the othei' end, 
as IS indieated m Fi^r. The ]-esult of this diHer- 




tjnce is that the straight tooth moves into action v ith 
shock, starting witli a cut of full width, whereas 
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the helical tooth Htails its cuttiiij; action without 
shock of any kind, and ffraduall} increases the width 
of its cut. 

A jioiut which uients attention in connection with 
plain milliu" cutters and, in fai^’t, nearly all milling 
cutters which are provided W'ith central holes, is in 
rcf^ard to the form of tlie liolcs If tin* liole is made 
quite plain and of one diameter, it is always lound 


Fig. !)■! — Cutting action of axial teeth. 

that, after the ciittei has been hardened and, where 
necessary, tempered, the hole is no longer cylindrical 
and of one diameter from end to end, hut is bell- 
niouthed at each end, as is shown in Fig. hd, the 
diameter of the liole at either end being larger than 
any diarnetei near the middle section of‘ the cutter. 
This is probably due to the fact that the two ends of 
the cutter cool much more rapidly than does the 
middle portion, so that the latter has more time in 
which to contract from its expanded dimensions due 
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io the heating of tlie cutter. With such a hole, it is 
necessary to grind or lap it out to a tiiie cylindrical 
foim of the correct diameter, the whole internal 



Fia, t)6, — Distortion of milling cutter due to hardening. 

surface of the hole having to he worked on. This 
is generally a troublesome and tedious operation, 
whether the work is done by grinding or by lapping, 

Tr 


vriT, 
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so that it IS custoinaiy to hollow o\ chaiiihor out tlu' 
hole, as is indicated in Ki^ 97 This hollowing or 
chainheiiii}^^ out does not prevent the ciittei' tioni 
coniiiif^ out of the hardening operation with a Iiole 
haviu'f hell-mouthed ends, hut it causes tlu' eivater 
])ait of the curviii;^ that takes ])lace to ocean outside 
ol the dianietm of the finished hole, and so considei- 
ahly 1 educes the amount ol work which is nnolved 
in the ^n’indiiie or lajijuiie out of the hole 

Till' diameter of the hole ol a plain milling cuttei 



Fig. 97.— (lliaml)cnng in hole' of milling cuttoi. 


should he made between the specified lirails for a 
])ush 01 sliding fit, the aihor on which the cutter is 
to he mounted, and hy which it is to he driven, heiuff 
made oi the nominal standard diaiiieUu. 

The end milling; cutter, or end mill as it is very 
often designated, is generally designed tor use in a 
spindle socket ; hence its tapered and tanged shank. 
The end or side teeth are nearly always radial ; 
whilst the face or body teeth may he either straight 
or helical, the hand of the helix, in the latter case, 
being either right or left. 

The (piestion of the hand of the body-tooth helix 
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of an ond milling nnfctor is a somewhat important one. 
since the comhiiiatioii of tins and the hand of the 
cutter m each cas(‘ determines the lake of the end 
01 side teeth, and thi'se teeth are (jiiiteas rnucli used 
as are the body ti^eth, and they are real cutting 
elements in all end milling operations. Jf we desig- 
nate the hand ol the cutter according to thi' diri'ction 
in which it revolves, when its free end is ohsiM’ved, 



we shall say that a cuttei' is a right-hand cutter if it 
revolves in a comitei -clockwise direction (as indicated 
by the arrow Ji in Fig. 98), and a lett-haiid cuttei if 
it revolves in a clockwise direetion (as represented by 
the arrow L in the same figure). Based upon this 
definition, we have that the combination of (a) a 
right-hand cutter and a right-hand body-tooth helix 
(A, Fig. 99) or (h) a left-hand cutter and a left-hand 
body-tooth helix (B, Fig. 99) forms end teeth with 
positive rake, whilst if the two hands are opposite 
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((I and 1), 99) the nikn foiiiied on the end ieetli 

is negative, and the cutting cajiaiidities of the cutter 
are not as good as with teeth having positive rake. 
With a straight or axial tooth on the face, obviously, 
the radial tootli has an axial front cutting face and, 
thi'refore, no rake at all. 
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In Fig. 100 is represented a simple form of end 
milling cutter which ds exceedingly useful on such 
materials as hrass and libre. It is practically the 
only form of milling cutter with two emitting edges, 
and hence stands in a class by itself. It is neither a 
fluted nor a formed milling cutter, but is made in 
somewhat the same way as are certain types of boring 
and facing cutters. 



Angular mills are of either the single-angle or 
douhle-angle variety. In the single-angle form there 
may be either one or tw’O sets of teeth : if there are 
two sets, one is of radial teeth, and the other of 
inclined oblique teeiih ; if there is only one set, then 
this is of inclined or oblique teeth. The form having 
two sets of teeth has a slightly better cutting action 
than the other. The angle may be either right-hand 
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or left-hand, the hand of the angle being identical 
with the hand of the cutte?, the latter being de- 
termined by the direction of rotation of the cutter 
when observation is made towards the fiat end of the 
cutter, as represented by the arrow in Fig. 101. In 
this case, the rule which is represented graphically 
by Fig. 98 is applicable. The magnitude of the 
angle may be anything between 0" and 90”, though 
standard single- angle cutters are made of definite 
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anglos, Huch as fiO", 75'", HO", etc. Hinglu-angle mill- 
ing cutters are employed as fluting cutters for the 
formation of axial, i-adial, and inclined millmg-cuttei- 
teeth. In the double-angle iorm ol cutter, one of the 
angles is usually — though not (,uite always — mue.h 
smaller than the other angle, and there ai'e always 
two sets of inclined or ohlnpie teeth, one set on each 
side of the cuttei, the cutter really consisting of two 




Fig. 101. — Smgle-anglo milling cuttor. 

cones ol teeth placed end to end. These cutters are 
employed for the formation of axial, helical, spiral, 
and volute teeth, and m such cases the small side 
angle is either 12" or 15°, whilst the large main angle 
is either 40°, 48°, 53°, or 50°. The hand of a double- 
angle milling cutter is determined by observing the 
direction in which the cutter would revolve when 
looking towards its stnall-angle face. Double-angle 
cutters which have both angles equal are chiefly used 



lor such ojxu'iitions as the foi'iiiatioii ol vco'ffi'oovcs, 
and are leveisihle in tlie sense that they may lie used 
as eitlier I'i^ht-hand oi left-hand cutters. 

The tee-slot (Uitter is one v\'hich has both axial 
and ladial tei'th. Jt is used, as its name si^niities, to 
finish the tee slots in the beds, tables, and si ales of 
maediines ;j;enerally. and more esjx'cially machine- 
tools. 



The side-and-face milling cuttei also has both 
axial and ladial te.eth. ff itjs used as a slot or key- 
way milhn^f cuttei, it is ‘j^enerally of a standard 
width, and, as such, it is sometimes made with only 
axial face teeth, with its sides f,n-ouhd inwards towards 
the centre in order to provide side clearance, and 
so })revent the cutter from having ar^,' tendency to 
bend m the slot or keyway formed. It is sometimes 
yet up m pairs, the two cutters bemj^ separated by 
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a distance piece or sleeve which is placed on the 
cutter arhor. Such a coinhiiiation is known as a 
straddle milling cutter, and it may he used when it 
is necessary to mill two flat vertical and parallel 
laces on a work-piece at a definite distance from each 
other. 

Formed Milling Cutters. Tlie teeth ol formed 
milling cutters are oltlu* hacked-olToi relieved type. 
The profile or outline ol each tooth when viewed 
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from the side should be that indicated in Fig. 102, 
the line which represents the outside of the tooth 
being in the form of an Archimedian or arithmetical 
spiral (Fig. 103), and the front cutting lace of the 
tooth should always be radial. Only if these two 
conditions are satisfied will the original form of the 
tooth be maintained, and it is this maintenance of 
tooth-form which is claimed to be such a valuable 
characteristic of this type of milling cutter. Great 
care has, therefore, to be taken in connection with 



MlLJJNli. 


HU 

the backing-oH and gi'inding of these cutters, succes- 
sive grindings always forming front cutting faces 
in radial planes, as indicated hy the radial lines in 
Fig. 102. The hacking-off (which includes the 
shaping and lelievipg of the teeth) is pei formed in 
special machines known as rclieviiKj or hackhuj-off 
lathes, or in lathes equipped with lelieving or back- 
ing-off attachments The giinding is generally done 
on universal tool and cutter-grinding machines with 
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milling cutter. milling cutter. 


the aid of special fixtures to enable the front cutting 
face to he ground truly radial. 

In Figs. 104 and 105 are illustrated two formed 
milling cutters, the first bein^^ a reamer-fluting cutter 
and the secoruj an involute cutter for gear cutting. 
Fluting cutters for taps and twist-drills, and cutters 
for giving special shapes to machine parts, such as 
links, levers, and bars, are also of this type. 

No clearance has to be ground on formed milling 
cutters, as is the case with fluted milling cutters, 
since the requisite clearance is given to the teeth in 
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a distance piece or sleeve which is placed on the 
cutter arhor. Such a coinhiiiation is known as a 
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from the side should be that indicated in Fig. 102, 
the line which represents the outside of the tooth 
being in the form of an Archimedian or arithmetical 
spiral (Fig. 103), and the front cutting lace of the 
tooth should always be radial. Only if these two 
conditions are satisfied will the original form of the 
tooth be maintained, and it is this maintenance of 
tooth-form which is claimed to be such a valuable 
characteristic of this type of milling cutter. Great 
care has, therefore, to be taken in connection with 






Fi(t. 109.— Fly milling cutler. 


(' in Fig, 108 . The first shape of the three is in the 
form of a triangle, the second in the form of a semi- 
circle, and the third in the form of a square. The 
amounts of metal removed by the three cutters 
I'espectively are indicated in the subjoined diagram 
of the figure. 

The so-called fly-cutter, which is used when a 
very special shape has to be given to a small number 
of work-pieces, as in tool-rooms, is a type of formed 
cutter, though it is not usually made to maintain its 
shape exactly after a number of grindings. One 
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foi'iii of fly-cutior holder is shown iri 109, 

whilst exan)pl('S of shiip(*s of fly-euttei’S ani ^Mven 

Milling-cutter Arbors. — All millin^j; cutters which 
are provided with central holes have to be mounted 
on, and driven by, steel spindles or shafts, which 
are known as ((rrhom generally. U is advisable not 
to call these elements nlandrch, hut ‘to reserve this 
latter description for the shafts or bars upon which 
work-pieces are cairied and driven for machining 
purposes. 

The design of a milling-cutter arbor depends to a 



Fig. i 10. — I’rofiles of fiy-cuttei teetli. 


very large extent upon the design of the milling 
machine in which it is to b(‘ used, and also upon the 
design of the cutters to be driven on it. The former 
of these two conditions is so influential that it is 
the general practice of manufacturers of milling 
machines to make and supply cutter arbors to suit 
their machines , and it i^ usually found that the 
cutter arbors for one make of milling machine cannot 
he used in milling machines of other makes. 

Solid milling cutters which are provided with 
central holes, such as plain milling cutters, are 
ordinarily mounted on horizontal arbovs with tapered 
driving shanks which are socketed in the driving 
spindle of the milling-machine head. The outer end 
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of th(' lu hor IS su])pork*(l either oir a centre or in a 
1)1 on/e l)nsliinj^% the latter inetlioil heio}^ the superior 
ol the two ; whilst the ciittei- is inouirtecl on a parallel 
pait of the arhor and held in its place there hy 
means of a nut. 

In 1 1 1 IS represi'iited one" form of this type 
of milliiiff-cutter arhor. S represents the tapei'ed 
shank which is iuse^t(^d in the tapered socket of the 
driving spindle of the milling machine , B represents 
the body on winch the ciittei is mounted . N repre- 
sents the nut which is screwed on the l)od\ to hold 
the cutter m jilace , and .1 is the join nailed end of 
the arhor which is nisei ted m a hroii/e hushing, 
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usually held in the overhanging aim ot the machine. 
N, is another and larger nut which is used to with- 
draw th« ail'or from the s])indle by heing screwed 
u}) tightly against tlui nose of the spindle. On either 
side of tlu' cutter there are placed movable sleeves 
or collars of various lengths on the body, so that the 
position of the cutter on the aihor is adjustable to 
a ceitain extent. 

The shank of the arbor is drawm into the spindle- 
socket by means of a drawrui bolt, which runs 
through the driving spindle— this, of course, being 
hollow — and has its head hearing against the tail-end 
of the spindle, whilst its othei end is screw^ed into 
the arbor. Before the nut Nj can he used this 
draw-in holt has to be screwed out of the end of 
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the ail)oi\ In J 12 iw showii an anungfwent 
wliereh) the spiiulle bolt J> can be used to ])uk1i the 
the arljor out of the spindle as well as to draw it in. 
In this case the bolt is provided with a collai' below 
the lu'ad, and (uther face of the collar can be bi ought 



P’in, 11^. Metlunl of expolling ontter arbor fioin spindle, 
lip against a fixed lace, so that any furthei rotation 
of the bolt IS bound to cause the arbor to move, 
either inwards or outwards as the case may he. 

In Fig. 118 is illustrated a clutched form of cuttei' 
arbor, two })arallel faces being formed on a collar on 


J1 
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the arhor, these two faces working in conjunction 
with two corresponding faces on the inside of the 
nose of the driving spindle. 

Another form of di-ive for this type of arhor in- 
volves the use of a tang at the end ol the shank. 
The arbor in such a case is driven out of the spindle 
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by inoanR of a drift. Tliis form of drive is, however, 
not as iniich used as either of the above. 

The drive between the arl)or and the cutter when 
the arbor is of any of tfie above forms is usually a 
key drive, a ])lain frictional drive being reserved for 
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only those cases wherein the cutting is of the lightest 
description. In Fig. 1J4 are shown the two forms 
of key used. That shown at A is of circular section ; 
that shown at B is of square section with the corners 
slightly rounded. 

End and similar milling cutters are provided with 
tanged tapered shanks. Shell end mills have to be 
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mounted on special aibors, as shown in l^’i^ 115. 
These may he tanked as i epresented, or they may 
he provided witli a threaded hole at the end to take, 
a di'aw-in })olt. In place of the projecting tongues 
to drive the shell, it the shell is huilt up, a key 
running the greatei part of the length of the body is 
used. 

(lollets aie used for the jnirpose of diiving end 
and other shanked milling cutters when the shanks 
of the cutters arc smaller than the spindle socket. 



Piu. 115. — Arbor for shell end mill. 


They are tapered internally and externally, the 
methods of driving and withdrawing them being 
practically the same as those which obtain in the 
case of the ordinary cutter arbor. 

Numbers of Teeth in Cutters.— There is a differ- 
ence in regard to this matter between English prac- 
tice and American practice, the numbers of teeth in 
English-made cutters being generally^ greater than 
those in corresponding cutters made in America. 
The following formula will enable the number of 
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As a I'ou^h ^niide, the iollowiii^f speeds may be 
taken as rejnaisentativo for plain-carbon steel 
cutters . ~ 

For nulling st.(‘ol . . . 2.'H,o ‘10 foot prr minut('. 

,, ,, fast injn . IS „ f»0 ,, „ 

,, ,, brass and bioD/L‘ . SO ,, 100 ,, ,, 

When hig;h-s])eed cutters are used, these speeds 
may he increased h\ at least dO per cent., and even 
too per cent, in some cases. 

The question of vvoikin^^ feeds of milling’- cutters 
cannoL be dealt with simply, since so much depends 
upon the diam(‘,tei ol the cutter, the nuinbei of teeth 
in it, th(! stability ol tbe milliiif^ machine, the cut- 
ting,; speed, and the, nature of the material to be 
milled. Feeds as fine as ’ inch per minute, and as 
coarse as 3(i inches per minute, have been employed. 
The latter is, of course, very exceptional, and ordi- 
nary millin^f-cuttei feeds very rarely exceed 12 
inches per minute. The determininf( factor in 
every case appears to he the thickness of the chip 
which is removed by each tootli ol the cutter. 

The following feeds may he taken as fairly good 
average feeds for the majority ol cases - 

Ou steel . . . I to H inches per mmute 

„ cast iron . ' lij ,, ,, „ ,, 

,, bra.ss and bronze . ^ „ ') ,, ,, 

It should be observed that both speeds and feeds 
of milling cutters are influenced by the use of cool- 
ing and lubricating compounds, such as soluhle-oil 
mixtures, soda and water mixtures, lard oil, and 
soft soap and water. ^ 

Direction of Feed. — This is a matter of some im- 
portance. The duectioi) of the feed of a work-piece 
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should, whei-pver it is possible, he such that, when 
the work-piece and each tootli ol the cutter meet, 
they are instantaneously moving in opposite direc- 
tions. This condition is indicated in h’l^n 116, m 
whicli the airow (1 represents the direction of 
rotation ol tlie cutter and the arrow W the direction 
of the teed nioveinent of the woik-piece : and it is 
one which can fifeiierally he. ri'alised when plain, 
anfjjular, and formed milling' cutters are in use, hut 
winch can he only jiaitly realised m some cases 
when the milling' cutters in use aie end mills, 



Fifi. Direction of milling-cuttor feed. 


When this condition is satisfied, the cutting edge 
of <‘ach tooth glides into action as it were, and the 
duty of each tooth is gradually increased until its 
maximuin value is reached just as the cutting edge 
is about to leave the work-piece. If. liowever, the 
cutter runs with the feed of the work-piece this state 
of affairs is reversed, and each tooth is subjected to 
a shock at the instant that it enters the work-piece, 
the duty of the tooth falling gradually from a maxi- 
mum to zero. The reason for this is represented 
graphically ui Fig. 117. In this figure, the sec- 
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tioried area represents the original shape of the 
metal removed by the tooth of a milling cutter undeV 
the conditions of depth of cut and feed indicated, 
1) being th(' di'pth of cut, and Y the feed of the work- 
))iece per tooth 0 / tlie cutter. If the tooth enters 
the work-piece at A, the thickness of the chip is 
])ractically nothing at the commencement of the 
cut, and inci'eases giadually up to the time tliat the 

i* F .1 


B 



Fin, 117. — Diagram illuKtrating milling-cutter action. 


tooth leaves the work-piece. On the otlier hand, if 
the tootli enters the work-piece at 11, it begins to 
remove the thicker end of the chip, and at the 
instant that the tooth lejives the w^ork-piece tlie 
thickness of the chip has become nothing. 

Oases are not unknown wherein this matter has 
not been considered, with the result that either the 
teeth of the milling cutters have been stripped off 
or the cutter arbors have been brokei], each of these 
results being accompanied by damage to the work- 
piece. 
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respectively. It will be noticed that P is ahead of 
0. The two arrows indicate the direction in which 
the axes of the cutters move iriJh respect to the 
work-piece, the actual movement in the machine 
beln^f usually ^iven to the work -piece. Both cutters 
leave the work-piece when their axes Oj and Pj are 
in the same vertical ])lane (represented by the 
vertical line A,, Pj, 0,), the smaller cutter having 
travelled a distance respect to the work- 

piece, whilst under the same circumstances the 
larger cutter has had to travel a distance D. Now 
the time occupied in each case is directly propoi- 
tional to the distance travelled, since the two rates 
of feed are eipial , therefore it follows that it is 
more economical to employ a cutter of small dia- 
meter than one ot huge diameter, the percentage 
gain being determined by means of the following 
formula . — 

Percentage gaitK= ^ * x 100 . (4) 

Prom this it will be seen that the smaller the value 
of D, the greater is the percentage gain. In other 
words, this gain is more pronounced on short 
work-pieces than on long ones. 

The diameter of a milling cutter should also be 
kept small -for the reason that with a small-diameter 
cutter the torque or twisting moment on the 
cutter aiibor is less than when a large-diameter 
cutter is used, if the general conditions of cutting 
are identical in the two cases. This point is Re- 
monstrated in Pig. 119, in which P^represent^ the, 
tangential cutting force (assumed to be the same in 
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the two cases) and E and E, the radii of the large 
and stnall cutters respectively. The torque or twist- 
ing moment in the case of the huge cutter is 
F X li and is obviousl) greater than that ot the 
small cuttei, which IS only F x E,. The important' 
of the torque to whicli a milling-cutter arbor is suh- 
|(‘,cted lies in the twofold fact that the torqiu' 
determines the maximum stresses which aie in- 
duced in the arbor and key and also the tmidency 



Fki. nil. Diagram of cutting forces in milling, 
on tlie part of the arbor to twist out of its socket 
in the driving spindle. 

Plain Milling Operations.— These are distin- 
guished by the fact that they are performed on 
the ordinary plain horizontal and vertical milling 
machines. They consist chiefly of operations for 
the production of flat surfaces and simple cylindri- 
cal surfaces. 

In Fig. 120 is illustrated the milling of the flat 
faces of a hexagonal nut by means of a plain milling 
cutter, The nut is mounted on a mandrel which is 
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take a number of them instead of only one at a 
time. 

In 121 is indicated the use of two side and 
face milling cutters in the lorm of a draddU mill, 
by mi'ans of whicli two opjiosite faces of a square 
nut or sijuare bolt head are being milled. In the 
case shown the inside faces of the cutters are at 
work on tlu' outside faces of the nut or Ixilt head, 
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but straddle mills can be employed equally well 
for the milling of the inside faces of work-pieces by 
the outside faces of the cutters. 

The milling of a keyway in a shaft by means of 
an end milling cutter is represented in Fig. 122. 
The two arrows indicate the direction of rotation 
of tlie cutter and the direction of the feed of the 
work-piece I'espectively. Jn Fig. 123 is shown a 
method of milling a keywuiy in a shaft by means of 
a slot mill or side and face milling cutter. The 
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In the two views of Fig. 124 are indicated tlie 
two 0 ])erations which are usually performed in 
connection with the foniuition ot a toe-slot. The 
body of the slot is formed by means of an end mill- 
ing cutter, whilst the lo\Vei crQSs portion is formed 
by means of a special tee-slot mill. 

A gang mill is made up of a nuinbt'i of different 
cutters which are of such forms and arranged to- 
gether in such a manner that they will mill a work- 



])it'ce to a definite shape. Tlotli fluted and formed 
milling cutters are used in the building up of gang 
mills, in some cases there being both types side by 
side. In Fig, 125 is illustrated the use of a gang 
mill of a com])aratively simple construction. It 
consists of a plain milling cutter with a side and 
face cutter on each side of it, and is used to form 
machine wa\s or guides. 

The use of an end milling cutter in connection 
with the formation of a cylindrical surface is illus- 
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trakid m 12(5. The woik-jnesee in t-hiH ease 
IS iiioimted on a circular niillin*,^ attachment, and 
arranged to revolve in the same direction as the 
cntti'r, hut at a much lower speed, since its speed 
IS also its teed. T,iiis is an e,\ample of vertical 
imlhnfj;, as is that shown in Fig. 122. 



Another example of vertical milling is indicated 
in Fig. 127. In this case the inclined faces of a 
dove-tail guide or slide are milled by means of an 
angular milling cutter of the same angle as that 
between the inchned faces to be milled and the 
horizontal. 
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The Universal Dividing Head and Its Uses. - 

Tlie iinivLirsal or spiral dividin'^ head is an essential 
element of the universal millm^^ machine. It is 
built in a niimher of ditfeivnt desij^ms, I)ut the I'.ssen- 
tial feature of each desiffii is a worm-gear, usually 
having a fixed ratio of 40 to 1, which connects the 
indexing handle to the spindle of tlie head through 



W'hich the work-piece is rotated in the indexing or 
dividing operations. The indexing handle has thus 
to he rotated forty times in order to give one com- 
plete turn to the spindle and work-piece, the final 
position of the handle being identical with its initial 
position. 

The two primary functions of the universal or 
spiral dividing head are: (1) the dividing of the 
Circle of a work-piece into a number of either equal 



MILLIN(i. 


Ill 


or uiiei^ual paris, ami (2) the rotating of a work-piece 
simultaneously with the feed movement of the table 
of the machine, so as to admit ol a helical groove 
or grooves being milled in it. 

Equal and Uneqjiial Spacing. In the majority 
of the instances of the use of tiie dividing liead, the 
circle or periphery of the work-jnece has to he 
divided into a number of eijual paits, as indicated 



128. — Illustrating equal s])at'ing. 


ill Fig. 128. This is known as &mi or equal sjiaciiiq. 
In the other cases, the parts into which the circle 
of the work-pnece is divided aVe not equal. This is 
known unequal spacinq, and is based on a slightly 
different principle from that which underlies equal 
spacing. 

Indexing Methods. — These may be divided into 
direct and indirect methods. Of the fbrmer there 
ie only one, namely, the simple method, whilst of 
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the latter there are the sim])le, conipouiid, a])p)Oxi- 
mate coiepouiHl, and differential methods. 

The Simple Direct Method of Indexing. -When 
the circle of a woi k-piece has to he divided into a 
number of parts which is an aliquot part or sub- 
multiple of 24, sncli as m the cases indicated in 
h\fs. ldl-134, this method may he employed. It 
involves the use of an indexiii}.; })late on the spindle 
of the head, this })]at(' having twenty-foui’ lioles 
Sjiaced equidistantly round a circle centred at the 
axis of the sjiindle, and working m con junction with 
a stop ])in in the head so arrange.d that it can he 
made to enter any hole in the cncle that may he 
op])Osite to it. By this method, 2, 3, 4, (I, H, 12, and 
24 e(|ual divisions can he indexed lor quite easily 
and exjieditionsly. 

The Simple Indirect Method of Indexing, -This 
is the method of indexing which is the most com- 
monly used. It is based directly iijion the ratio of 
the worm gearing in the head, use being made of 
the indexing handle which is mounted on the worm 
shaft, it being necessary to give to this handle a 
definite movement for each division of the circle of 
the work-piece. The magnitude of this movement 
will depend upon the number of eipial parts into 
which the circle of the work-piece has to be divided, 
and also upon the worm-gear ratio, that is, 40 to I. 
Thus, if N = the number of equal divisions required 
in the circle of the work-piece, and n ~ the number 
of turns of the indexing handle correspionding to 
each division of the work-piece circle, wo have 
that— 



N • . • 

This is the i iiiulanw'iital 1‘orimila for this method. 

Now, n may l)e either an inte^mr, such as 4, a 
mixed number, sueji as or a proper fraction, 
such as from which it will be seen that it is nec- 
essary to be able to obtain fractional turns of the 
handle, as well as whole or complete revolutions. 
To assist in the obtainment of fractional turns, in- 
dexinfi? plates (Fi}:j. 129) are used, these being plates 
which are provided with a number of concentric 
circles of small holes, in any one of which a locking 
pin in the head of the indexing handle can be in- 
serted, (Isually there are eighteen circles of holes 
provided, and the numbers of holes in the various 
circles range variously from lifteen to forty-nine, 
from twenty-one to forty-nine, and from twenty-six 
to forty-nine, wuth, ol couise, certain omissions in 
each case. Ordinarily, forty-nine is the highest 
number of holes furnished, so that, under such 
circumstances, it is not jiossible to index for prime 
numbers above forty-nine. 

To illustrate the application of this method of in- 
dexing, we will take the case of a wwk-piece whose 
periphery has to be divided into, say, eighty-four 
equal parts. For this value, of N, we find that, by 
means of expression (5), the value of n is or 
when it is reduced to its lowest terms. This means 
that a -J*/8t part of a whole turn of the indexing 
handle is required. Now, if we have a 21-hole 
circle on the indexing plate, we can use^this directly, 
ten holes in this circle giving the required fractional 
turn. If we have not a 21-hole circle, we shall have 
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;i, 4y-hole (:ird(‘ in place ol il., and twenty lioles in 
this eii'ch' will ^i\(! the ‘//st part ol a whole tiini, 
since. = V,‘. 

The work of countin^f the rerpiired niiinher of holes 
in the si'lected cncle would he exv.eedin^dy tedious if 



Fig. J‘29. -Indexing plate and adjustable eectov arms. 


it had to be done for each division of the work-piece. 
A device which consists of two adjustable sector 
arms (Fig. 129) working over the face of the index- 
ing plate is, therefore, invariably used to avoid the 
necessity of counting the number of holes each time. 
The sector arms are initially set to include between 
them one more than the number of holes obtained 
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liy t}i(' cuJmilation, sinc<‘ the calculated n'sult does 
not include the hole froiu whiedi the })in in the 
indexin*^ handle iiiovr*s, whereas this is ahratfs situ- 
ated hetween the sector arms, as is indicated in Fi^^ 

1 29, which also shoi\^s two consecutive positions ol 
the sector arms, the holes A, B, and (' being those 
into which the pm is consecutively inserted. It 
the spaces between the holes are counted instead 
of the lioles themselves, then the number counted 
should he the same as the number obtained by 
calculation. 

A list of the indtixmg-plate circh‘s and the number 
of spaces on these circles for a series of numbers 
of equal divisions is given in the Appendix in 
Table IV. 

The Compound Method of Indexing.— This 
method involves the compounding of two liactions, 
either by addition or subtraction, in order to obtain 
the fractional turn reijuired. One fraction represents 
the movement of the indexing handle with respect 
to the plate, wdiilst the othi'r represents the common 
movement of the handle and plate (locked together) 
with respect to some fixed ])oint m the dividing head. 
Tbus- 

40 

_ = . . . ((i) 

where = the fractional turn of the handle alone, 
and ^2 “ Ihe common movement of the handle and 
plate. 

The use of this method is limited, though it can 
be employed for the indexing of one o»- two rather 
useful numbers on the ordinary type of universal 
dividing head. 
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To illnsiridr ilir us’(‘ of this iiu'ihod we will con- 
,siij(‘i tli(‘ case of (i-i erjual divisions. This nniiiher 
cannot be indexeAl iov by ineiinH of the simple indirect 
method, when the usual nuiid)ers of holes are pi o* 
vided in the indexing-plate circles, since 40 and 03 

40 

are numbers which are prime to each other, and 

uo 

is a fraction which is reduced to its lowest terms. 


40 . 49 - 9 

This fj'action, however, is equal to 


03 


/49 9\ 

which, in turn, becomes - ^,-1, and this, by re- 
duction to lowest terms, is resolved into - ,Jj. 

21 2H 

The first fraction equals eithei or and the 
7 

second each of these two combinations giviiig 


the required result. In an actual case in which 
a gear-wheel blank had to be divided into 03 equal 

jiarts, the compound fraction was uti- 

lised, the first fraction being obtained from the front 
of the indexing plate, and the other from the back. 

The Approximate Compound Method of Index- 
ing, — This method is of universal application, but its 
use involves the utilisation of two special indexing 
plates, having either 101 and 100 holes, or 100 and 
99 holes, respectively, and these have to be specially 
made. 

The Differential Method of Indexing.^-In this 
method of indexing (which was introduced by the 
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Brown it Sharpe Co. of America to enable numbei'R 
outside the sco]ie of the simple indirect method to be 
indexed for) the indexmi:^ plate is not fixed in position , 
hut has ^dven to it a rotation which is simultaneous 
with, and proportiopal to, the movement of the in- 
dexing handle. Consequently, the method can only 
be applied to dividing heads which are so designed 
that it is possihb' to connect tin* spindle of the head 
to the indexing ])late hj means of positive toothed 
gearing, to enable the foimer to drive the latter 
directly. In such cases, the indexing jilate makes 
a definite nuinhei of turns for each complete turn of 
the wc-rk-piecc oi head-spindle, that is, foi each 40 
conq'iecp turns of the indexing handle with respect 
to any fixed point on the head, so that the indexing 
handle makes eithei more or less than 40 turns 
relatively to the indexiny ylate per turn of the work- 
piece. This lattei number, whatever it may be, is 
the one which is used in connection with this method 
in place of the 40 used in expressions (5) and (b). 
The fundamental formula in this' case is — 


40 -f a 


( 7 ) 


where R is the number of turns of the indexing plate 
per revolution of the work-piece, and is a positive 
quantity when the indexing handle and plate revolve 
in opposite directions, and a negative quantity when 
they revolve in the same direction. The value of 
R is the ratio of the external change-wheel gearing 
which is employed to connect the head -spindle to 
the indexing plate, and its sign is determined solely 
by the number^ of wheels in this gearing. The 
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quantity (40 + K) ia usually known as the “index 
spacing number 

By means of this method all numhers up to and 
including 1182 can be indexed for, unless they are 
provided for by the simple indirect method 

Unequal Spacing.— When the parts into which 
the circle or periphery ol a work-piece lias to be 
divided are unequal, the number of parts cannot be 
made use of directly when determining the number 
of turns of the indexing handle per division of the 
work-piece circle. In this case, use has to he made 
of the angle subtended by each jiart at the centre 
of the work-piece circle. Suppose that this equals 
6 . Then — 



Helical Work on the Universal Milling Machine, 

- -In connection with the cutting of helices on the 
universal milling machine, it is necessary to connect, 
by means of toothed gearing, the table feed-screw 
and the worm-shaft of the dividing head, so that two 
simultaneous motions, normal to each other, are 
given to the work-piece. These two motions are a 
translatory motion ohtained directly from the table 
of the milling machine, and the rotatory motion 
obtained through the 'dividing head;, they are in- 
dicated in Fig. 1 80. 

The fundamental formula for the computation of 
the numbers of teeth in the change-gear wheels to 
he employed is — 

40 X lead of table feed-screw 
^ “ lead of helix to be cut 


( 9 ) 
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wlioie U| is Lh(i ratio of tlio product of the numbers 
of teeth in the diiviii}; wheels to the correspond iiiff 
product loi tlie driven wheels. In the ordinary 
universal milling machine, the lead of the table 
feed-screw is either | in. or ^ in., so that we have, 
in such castes - 


lead ot helix to he cut 


Tlu! denoiuinatoi of the right-hand side of ex- 
jiression (H) is known as the “lead of the machine,” 



Fin. 150. - Hchx. 

and has, ordinaiily, a value of 10 or 20, as expres- 
sion (10) shows. The significance of the expression 
“ lead of the machine” is this; When the ratio of 
the change- whetd gearing is unity, the lead of the 
helix that is cut equals the lead of the machine. 

The hand of the helix to he cut in any given 
case determines the number of change-gear-wheels, 
that is, whether an idler or intermediate gear-wheel 
shall or shall not be employed. 

In addition to gearing up the dividing head to 
give the required lead of helix, it is necessary to 



120 MACHINE AND FITTIN(i SHOP P1D\(TU'E. 

Bwinfr the table of the milling' machine through an 
angle about a vertical axis. This w the angle 0 of 
Fig. 130. It is known as the “ angle ol the helix, 
and its magnitude depends solely on the diameter of 
the cylinder on which the helix is traced and the 
lead of the helix. Its values tor a number ot 



ratios of lead of helix to diameter of cylinder are 
given in Table V. of the Appendix. 

Fluting Operations in the Milling Machine.- 
In Figs. 131 and 132 are represented the conditions 
which obtain when screw taps are fluted in the 
milling machine. In the cases shown , the taps have 
four flutes, but the principle is precisely the same 
in those cases wherein the taps have only three 
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flutes. In Fi^'. 131 the fluting cutter shown is a 
formed convex cutter, and forms flutes of a circular 
shape, the. cutter shown in Fig. 132 is an angular 
cutter (either formed or fluted), and lorms angular 
flutes, which are sometimes known as “hook 
flutes 



The form * of fluting cutter used on four-lipped 
boring tools is indicated in Fig. 133, whilst a twist- 
drill fluting cutter is represented in Fig. 134. Both 
these cutters are of the formed type. 

The fluting of reamers and milling cutters differs 
from the above in so far as the number of flutes to 
be milled is in this case always greater than four 
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and \'ery larciy leKs lihan eight. Th(! Hitting of a 
reamer is indicated in Fig. Id5. In this case the 
cutter eni])loyed is ol the formed variety. The 
fluting of a plain milling cutter with helical teeth is 
represented in hhg. lIKi. In this case the cutter is 
a double-angle tinted cutter. The corresponding 
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case of a single-angle fluting cutter is shown in 
Fig. 137, this form of cutter being suitable only for 
the formation of milling-cutter teeth with straight 
cutting edges. 

Formed cutters are not fluted, Jmt are instead 
gaahed. The gashing of a formed cuttei with 
straight teeth is represented in Fig. 138, whilst that 



MACHINK AND I''1TTIN(; SHOP I’KACTK’i:. 


of a formiid cuttei with helical teeth, such as a 
wonu hob, is represented in Fig. 139. 

In all cases of fluting and gashing, the dividing 
out of the blanks is done by means of the simple 
indirect method of indexing, since the number of 
grooves or gashes to he milled out is never large 
and nearly always an even number. 



CHAPTER IV. 


C\ AH WHEKT. Cl TTING. 

The 'Hicrease of running speeds which has been 
made in machinery generally within recent years 
has resulted in the almost gtmeral abandonment, 
excej't in one oi‘ two special departments of en- 
ginefiiing, of cast toothed-gearing w’ith its inac- 
curacies, in lavout of machine-cut gearing with its 
high degree of accuracy of size and shape. 

Thi cutting of toothed wheels is usually effected 
by means ol either the jdaning or shaping or the 
milling process, tht* formei in some instances being 
the more efhcient of the two, though, in the majority 
of instances, it is the milling' or a similar process 
which is the more commonly employed. 

Spur Gear-wheels. — Ordinary spur gear-wheels 
are cut by the milling process on the universal 
milling machine, the automatic gear-cutting machine, 
and the automatic gear-h^bbing machine ; by the 
planing process, on the automatic gear-planing 
machine ; by the shaping process, on the automatic 
gear-shaper. 

In the case of the first and second methods, 
milling cutters of the straight-gashed formed type, 
as shown in Fig. 105, are employe?! to givi^ tooth- 
curves or odontoids of either the involute or the 
(125) 
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oycloulal foim, the ciittei (apart tiom its lotatioii) 
having a simple straight line movement witli ii'- 
spect to th(! wiuH'l l)lank and parallel to its axis. 

Involute Tooth-form.- The involute form ol 
tooth-curve is the. commoner of the two, and is 
sometimes known as the single-curve form, since it 
consists of one curve which extends from the ]joint of 
the tooth to the root, as indicated m Tig. 140. The 
involute curve is not theoretically a ciicular arc, hut 
in actual practice circular-arc approximations to the 
involuh* curve are made when setting out templates 



and tools for the manufacture of gear-milling 
cutters, use being made of those arcs which most 
nearly agree with the theoretical involute curves. 
Theoretically the tooth-shapes for wheels having 
dilVe.rent iiumhers of teetih are different, hut in prac- 
tice it IS found that the same tooth form wull serve 
for a series of wheels having consecutive numbers 
of teeth, so that one cutter will form the teeth of a 
series of wheels. In the whole set of involute cutters 
for numbers of teeth ranging from twelve to a rack 
(which may he regarded as a wheel having an in- 
finite number of teeth), there are usually only eight 
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ciitteis lor <'!i.(;li ]ntoli, thoso minih(MT(l 

follows 


No 


1, wliK li Will ciil. wIk'cIs Ih\viii'^ from 1% tcftli t.o a rack". 
■J, , „ rif) U-etli to I.H tpf'ili. 


1 , 

(i, 


H, 


‘k. f)! .. 

lil „ , 

17 .. 20 „ 

14 „ K) 

1^ i‘i ,, 


1^)1’ ^iviitor ]))('0]sioii, soiti(‘tiiiu‘s cutters rt'2)re- 
seiited 1 )} half-iunnbei's an* 'ised, Uiese Ix'iii*^ as in- 
dicated bciow 


Na lA, which will » ul wlict'ls having from HO to 1H4 teeth. 


•'4. 


O U, 

„ 5i. 

” 

„ hj, 

.. fA, 



42 

2H 

JO 


r)4 

;54 

25 

20 

JO 


Cycloidal Tooth-form.- This form consists of 
two curves, loi* which leason it is sometimes reft'i'ved 



Fig. J4l. — Cyeloidal tooth-form, 
to as the double-curve form (Fig. ^141). Unless, 
however, it is accurately reproduced on the teeth of 
gear-wheels, the teeth of meshing or engaging w'heels 
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Will not woik satisfactorily tot^ether, for which reason 
lor ordinary work tlie involute form is pi'eferred. 

In a set ol cycloidal cutters for numbers of teeth 
ranging from twelve to a rack, there are twenty-four, 
the individual cutters being designated by the letters 
of the English aljihahet as under — 

GatU'.r A, whu-.li will cut wheels hiiviiig 12 tooth. 



1*. 




c, 

„ 14 



1>, 

„ 15 




„ It) 




n 17 




„ IH 



n, 

1!) 

,, 


I, 

„ 20 

,, 


J, 

M 21 

to 22 teetli. 


K, 

„ 2.S 

*. 24 „ 


L, 

„ 25 

„ 20 „ 


M, 

27 

„ 29 „ 


N, 

„ 80 

M 83 „ 


0, 

„ 84 

„ 87 „ 


1’. 

„ 88 

„ 42 „ 


h>. 

, 48 

„ 49 


rt. 

„ 50 

59 


s, 

„ 00 

„ 74 „ 


T, 

75 

„ 99 „ 


u, 

„ 100 

n 149 „ 


V. 

150 

„ 249 „ 


w, 

„ 250 or more 


X, 

„ rack. 



Dimensions of a Spur Gear-wheel.— In con- 
nection with machine-cut spur gear-wheels it is 
generally the diametral pitch which is employed as 
the basis of the leading computations, since its use 
leads to more definite values of the other dimensions 
of the wheels. 
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111 Fi^. 14:2 are indicated the principal dimensions 
of a spur geai-wheel from the view point of tooth - 
cuttin[(. D,, is the outside or point diameter of the 
wheel, or the diameter of the blank ; D,, is the pitch 
diametei’, or the diameter of the pitch circle ; D, is the 
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inside, root, or bottom diameter of the wheel ; A is 
the tooth addendum ; D is the tooth dedendum ; C 
is the root or bottom clearance ; and (A + D) is the 
whole depth of the tooth-space or the whole height 
of the tooth. „ 

If P,/ is the diametral pitch and N is the number 
of teeth to be cut in the blank, we have that — 
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■ ■ 

. (11) 

N 



. (12) 

N = 1*, X I), 

. (13) 

q 

• 

. (14) 

N -e 2 
" l’< 

(10) 

A=' . , 

. (10) 

01571 
^ " T,, 

. (17) 

1 1571 


1) - j, 

(IH) 

./A n 2-1571 
and (A q- D) = ., 

. (ill) 


By moans of those foiiniiho, the diainetev of the 
lilaiik (required for the turnin'' ojierations) and the 
whole depth of cut (i-equired for tlui tooth-forniini' 

operations) are readily obtained. The quantity p 

maybe called the pitch module. In Table VJ. of 
the Appendix are ‘^iven the values of the addendum, 
the dedendum, the root clearance, and the whole 
depth of the tooth-spacc foi diametral pitches rang- 
ing from 1 to 32, 

If the circular pitch is the one used, the whole 
depth of the tooth-space is obtained by dividing the 

circular pitch by ^ (1-571) and adding thereto oiie- 

twentieth part of the circular pitch. 
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Block Indexing.- Tn connection with the cutting' 
of s])nr noai -wheels on the automatic f^ear-ciittin^f 
inachine, the wheel-hlanks are automatically indexed. 
To reduce distortjon of the blanks as the result ol 
local heatiuf^f due to^cuttnif/, a method of mdexin^f 
known as A/ef/c uide.nnif is olten ref^oited to. In this 
method, instead of indexing tor consecutive tooth- 
spaces, the indexmpf is dune in blocks or seiies, and 
the blanks have to he revolved seveiul times befoie 
all the tocTh-^paces have la'cii cut out. Tn (igurin^ 
out the numbei of divisions to have in each block oi' 
sei'ies, it is necessaiy to see that the number ol teeth 
to be lormed in the blank and the numbei of teeth 
in tlv' Mock are ])iime to each other, that is, that 
they do not ci'e.tain .oiv common factor. If they are 
not jirime to each othe,i, tlu'ii it wdl not be possible, 
to cut .'II the teeth in tlu' blank without alteiin^' the 
indexinj^ arrangements. 

By way ot exam])le, we will consider the case of 
a spur ^ear-wheel to have, say, 65 teeth. If we set 
up the indexing apparatus of the machine so that 
there are, say, 6 teeth m the block, we shall be 
able to cut all the 65 teeth, the blank having to 
be revolved six times to enable this to be done. Sup- 
pose, however, that we set up the machine with, 
say, 5 teeth in the block. , Then we shall find 
that, at the end of the first revolution of the blank, 
we are exactly at the starting point with only 
13 out of the 65 tooth-spaces formed, and that, 
to alter the relative position of the cutter to the 
blank, the latter has to be revolved by hand. 

Spur Gear-wheel Mobbing.— In this process, 
which in principle is a milling process, the cutting 
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tool is ill Iho form of a screw, f'ashed to form ciittiuf,^ 
(Hl<fes, and known as a liob or lioliliing cuttei\ The 
action of this cutter is such that no indexing in the 
ordinary sense of the term is necessary, the whtiel- 
lilunk having a rotatory mot io]i simultaneous with 
the rotatory motion of the cutter. Himiiltaneous 
with these two motions is the feed motion, this 
latter being given, in some eases to the cutter, in 
others to the lilank, hut the conditions of working 
are generally such that the whole ol the teeth for 
their entile length are lormed at one setting of the 
machine. The cuttm has ordinarily to have a slight 
inclination given to its axis. Jly this method thi; 
tooth-foim is generated. 

Spur Gear-wheel Planing. The cutting tool in 
this process is eithei shaped, as loi milling, so that 
the tooth-form is simply and directly repioduced 
from the tool, oi ariunged like a toothed-rack,the cut- 
ting tool in this case generating the tooth-lorm, as in 
the case of the bobbing method, hut on a slightly 
different principle. Theie are three motions in 
this case, the rotation ot the wheel blank; the 
slight longitudinal motion ot the rack cutter ; and 
the main cutting motion of the cutter. 

Spur Gear-wheel Shaping,— In the shaping pro- 
cess the cutting tool is in the foi m of a toothed wheel, 
which is accurately made and finished to size. 
This is ground so that the outline of each tooth, in 
an end plane of the cutter, is a cutting edge. The 
principle underlying this method is not very differ- 
ent from that which obtains in the case of the 
planing method. There are three motions in this 
case : the i otation of the wheel blank ; the main 
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cutting motion of the cutter ; and the rotation of 
the cutter. 

Helical and Spiral Gear-wheels.— These are 
toothed wiieels, the tooth-elements of which are 
helical, as distinct /rom the straight, axial tooth- 
elements ot the s|)ur gear-wheels. Helical wheels 
dii'fer trom spiral wheels onl\ in their use, mesh- 
ing wheels of the foimer class always having 
their axis paiallel to ea^h othei , wheieas the axes 
of those of the latter class are inclined to each 
other at any angle up to IKI". Wheels of both 
classes aie chiefly cut by the milling process on 
the universal milling machine, the gear-milling 
machine, and the automatic gear-hobbing machine, 
and 6} the planing process. 

When the universal milling machine is em- 
ployed for the cutting of these wheels, an ordinary 
formed gear-milling cutter is used, the axis of the 
blank (and therefore the table of the milling machine) 
being swung tlirongh an angle equal to the angle 
of the tooth-helix, that is, the angle $ indicated in 
Fig. 148. The dividing head has to he geared up 
to the longitudinal feed-screw ot the table so as to 
give the required lead of the tooth-helix, the ratio 
of the gearing to he employed being calculated by 
means of expression (9) of tlie previous chapter. 

In the gear-milling process, an end mill of the 
form shown in Fig. 144 is enqdoyed, this being 
guided ill a helical direction over the wheel-blank. 

The cutter in the case of the gear-hobbing method 
has its axis inclined at a greater angle to the 
horizontal than is the case in spur gear-wheel 
bobbing, the difference between the two inclinations 
heinti equal to the anule of the tooth-helix. 
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Bevel Gear-wheelSi— These wheels, which have 
tlieii- teeth fonned on tlie surface of a trimcated 
cone, are cut in the nniveisal nnlliii" inac^iine and 
in tlu' bevel ‘^ear-wheel planer. In the former case 
a fornu'd ;^eai millin^f cutter, about 0‘0()5 ineh 
narrows than tlie eorrespondini' cutter foi s})ur 



Fid. 14 F.- -Angle of Lootli-helix. Fio. 144.-- -Foiined gear- 
cutter. 


oear-wheels, is used. The wlieel-blank is set up 
at an angle to the horizontal m the dividing head, and 
central with respect to the cutter, so that a groove 
of uniform width at its base (Fig. 145) is cut. The 
blank is then turned about its own axis through a 
small angle to the right and bodily to the left so 
that the volume of metal represented by the shaded 
triangular area in Fig 146 can be removed by 



(i K AH- WHEliL C I ^TTIN (i . 


. 135 

the cutter a.{<am through the blank. The 
corresponding volimie on the other side of the 
space IS removed h\ lunniug the cutter through 
the blank with the latter in the position shown in 
hkg. 147 , the volume lemoved in this case being 
rejiresented by the shaded triangular area m the 
liguie This method is only an approximate one, 



Fin. 145. — Hevcl gear-wheel Km. 14(» Bevel gear-wheel 
cutting. cutting. 


and is not suitable in those ^cases where the wheels 
have to run at very high speeds. In those cases, 
the planing method is resorted to, the transference 
and reduction of the shape of a former or copy 
plate being the principle underlying this method. 

This latter method is the one which is largely 
employed in connection with the cutting of the teeth 
of skew' bevel wheels. 
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Worm Gear-wheels. The teeth of these wheels 
can he fornuMl hy either fixed-curve rotary f:;ear 



Fi(i. 147 -Bevel gear-wheel cutting. 

cutters or worm hohs. The best wheels are cut hy 
means of the latter form of cutter on automatic 



gear-hohhing machines, though the universal milling 
machine can also he used (or this purpose. 

Worms. — These, whether of the single or multi- 



6 K Afl-WH 15KL C t^TTIN a . 


18 ? 


threaded form, can be cut in the lathe or in a special 
thread- milling machine. The latter machine is 
generally more suitable than the lathe for rapid 
and economical production. 

The usual form of the thread of a worm is in- 
dicated in Fig. 148, the flanks or sides of the thiead 
being straight, with an included angle between them 
of 29", though sometimes an angle of IKT is adojited. 
The difference b(*tween the two is ordinarily neg- 
ligible. 
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T.A'I'llE METHODS AND ( )I*E11ATI0NS. 

liATHK methods and o))ei‘atioi)s dilfei- consideiahly 
accoidin{>; to the types ol‘ machine in connection 
^Vlth which they have to he adopted. Methods and 
operations which aie snitalile on, say, turret lathes 
m connection with quantity pi oduction aie unsuit- 
able and, in many cases, impossihle on engine lathes 
which are general-])urpose machines. 

i. Engine-lathe Methods.— In the engine or 
centre lathe the best method of driving a work-piece 
depends upon the shape and si;ie ol the work-piece 
and the natuie ol the operation to be pel formed 
iqxin it. A work-piece ma} he driven between the 
centres, giipped m a chuck or collet, or mounted 
on a face-plate or in a turning fixture. 

Centring Work-pieces. - Several methods of loca- 
ting the position of the centre of the end section of 
a woi’k-})iece liave already been dealt with. There 
IS, however, one to which no reference has yet been 
made. That is the bell centre punch method. By 
means ol the hell centre jiunch it is possible to 
locati' the position ot the centre of the end of a rod, 
hai , or shaft, and to fix it by means of a centre punch 
mark at the same time. There are several forms 
of bell centre jiunch ; two are indicated in Bigs. 149 
(138) 
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and 150. The design and use of these punches are 
olivious. 

There is, howevei, one ])()inl in connection with 
tiieir use that needs to lie emphasised, and that is 
in coniK'ction witii the centime of tlie ends of hais 



Fio. 149. — Roll coiitro- Fic. 150.- -Uso of boll 

punch. centiTpuucli. 


which ai'e not square, as shown in Fig. 150. As 
will be seen Ironi tlie figure, if the liell is placed on 
the bar so that its axis (A) is parallel to that of the 
bar (B), the punch will not locate the position of the 
centric ot the end of the bar. It will much more 
nearly do this if the axis of the beH is disposed at 
right angles to the end of the bar, as will be seen 
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l)y a comparison of Figs. 150 and 151. In each 
case the hell will not rest firmly on the end of the 
bar, owing to the elliptical form of the end and the 
conical surface of the punch. 




puncli. carrier. 

Driving Work-pieces between the Centres.— 

This is done mainly by means of carriers, of which 
there are two principal types, namely, screw carriers 
and clam]) carriers. Examples of the former are 
given in Figs. 152 and 153, whilst examples of the 
latter type are shown in Figs. 154 and 155. The 
piincipal difference between the two types is in 
legard to the manner in which the woik-piece is 
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gripped in tlie earner, and to the strength ol the 
grip. Ill each case the hold is simply a frictional 



Fio. 153.— Adjustable screw ctyrner. 

hold, which is due to a large extent to the local com- 
pression and distortion of the w'ork-piece which oc- 



Fig. 154. — Clamp carrier. 

cur at the places of contact between the work-piece 
and the carrier. Generally for driving small and 
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modiuin-sizwl \vork-])ift(!os the screw cauier is em- 
))loyed since it ^ives a sulliciently strong grip lor 
all oi'dinary machining ojx'rations in the lathe. 
When a scri'W cairier has to he jilacod on the iiii- 
ished end of a \\ork-})iece, it i^ veiy desirable to 
})lace a thin piece of lirass oi' co})])er between the 
('lid of the earner sciew and the surface of the woi k- 
piece 111 order to jirotect the latter 




Fig. 155.— Clamp cal ner. 

The form of the ceatre-holes in the ends ol a 
w'oik-piece should be one compounded of a small 
parallel hole and a conical hole, as is indicated in 
Tig. 150, the small hole serving as a protector to the 
extreme end of the point of the centre and also as 
a small reservoir of oil for keeping the centre lubri- 
cated. The standard point-angle of lathe centres 
is 60° for small and medium-sized work-pieces, so 
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that the aii^He of tlie coiinterannk oi conical part 
of the centre hole should also he (50'" in older to 
obtain a satisfactory hearing; of tlie centre 111 the 
hole. Th(^ lonii of centre hole indicated 111 hi^e 157 
should nevei he used wherever it is ])ossih!e to em- 
ploy the other 44ie liiliricatioii ol fhe loosi'-head- 
stock certre. is always nioii' important than that of 
the live centK' in th(‘ diiviii}; headstock siuiulle. 



When very accurate results in the way of turning' 
are required, it is iiecessa»x to see that the end of 
the work-piece is practically square with the axis. 
If it is not square, as showui in Fig. 158, then it is 
very desirable that it should be squared up by means 
of a side or knife tool before mucb work is done on 
the body of the work-piece, the condition indicated 
in Fig. 159 being the one which should obtain in 
every case where it is possible to realise it. This 
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is especially necessary if the work-piece is at all 



slender, since, with a centre-hearing^ siirl’ace of vary- 
in^f breadth, the specihc pi'essure exerted on the 



surface changes from instant to instant during the 
revolution of the work-piece. The result of this 
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every case where it is possible to realise it. This 
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tlif! work-pim', aiid tlie lino CD tho now axis fonnod 
!i,s tho I'osnlt of woar in tho contro holo. 

In S(|uaring np the oiui of a work-pit'ce, the end 
should not he left in the form represented in hig. 
IGl, the centre hole being preferably drilled di^eper 
in the work'piece and the projection shown in the 
figure removed by means of a knife tool, unless 
there is some specific reason why such a projection 



Fia. Ifil.—Undosirable form of ond of work-pioce. 
should he left on, as there is in just one oi' two 
cases, hut certainly not in many. 

Machining Work-pieces on Mandrels. —Work- 
})ieces which are centrally hollow, and have to he 
driven between the centres of a lathe, have to be 
mounted on mandrels, these latter being the parts 
which are arranged to rest directly on the centres. 

The reasons for the use of mandrels are not quite 
the same in every case. The two chief reasons 
(which may operate separately or jointly in any 





LATHF. METHODS ANH OPERATTO'NS. , 143 

that the aii^He of tlie coiinterannk oi conical part 
of the centre hole should also he (50'" in older to 
obtain a satisfactory hearing; of tlie centre 111 the 
hole. Th(^ lonii of centre hole indicated 111 hi^e 157 
should nevei he used wherever it is ])ossih!e to em- 
ploy the other 44ie liiliricatioii ol fhe loosi'-head- 
stock certre. is always nioii' important than that of 
the live centK' in th(‘ diiviii}; headstock siuiulle. 



When very accurate results in the way of turning' 
are required, it is iiecessa»x to see that the end of 
the work-piece is practically square with the axis. 
If it is not square, as showui in Fig. 158, then it is 
very desirable that it should be squared up by means 
of a side or knife tool before mucb work is done on 
the body of the work-piece, the condition indicated 
in Fig. 159 being the one which should obtain in 
every case where it is possible to realise it. This 




Ufi MACHINE ANl) ElTTlNE SItf)E VUACTlCE. 

tlif! work-pim', aiid tlie lino CD tho now axis fonnod 
!i,s tho I'osnlt of woar in tho contro holo. 

In S(|uaring np the oiui of a work-pit'ce, the end 
should not he left in the form represented in hig. 
IGl, the centre hole being preferably drilled di^eper 
in the work'piece and the projection shown in the 
figure removed by means of a knife tool, unless 
there is some specific reason why such a projection 



Fia. Ifil.—Undosirable form of ond of work-pioce. 
should he left on, as there is in just one oi' two 
cases, hut certainly not in many. 

Machining Work-pieces on Mandrels. —Work- 
})ieces which are centrally hollow, and have to he 
driven between the centres of a lathe, have to be 
mounted on mandrels, these latter being the parts 
which are arranged to rest directly on the centres. 

The reasons for the use of mandrels are not quite 
the same in every case. The two chief reasons 
(which may operate separately or jointly in any 
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Two forms of mandrel for carrying:; nuts which 
require to he faced in the lathe are indicated in 
Figs. 165 and 16(). The former is a simple form 
lor mounting between the centres. The latter is of 
a slightly more elaborate design* and, as shown, can 



Fk!. 1115.— Nut maud rcl. 


be mounted directly on the nose of the driving 
spindle of a lathe. This latter design is such that 
the nut is allowed to accommodate itself on a 
washer with a curved seat, so that the nut, instead 
of having its back square with the axis of the 



Fio. IGf).— Adjustable nut mandrel. 


mandrel, has its axis practically parallel to the 
mandrel axis, this latter condition being specially de- 
sirable in the case of rough or black nuts. 

In connection with the driving of work-pieces oP 
mandrels between the lathe centres, it is very de- 
sirable to see that the centre holes in the mandrels 
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are quite clean, as otherwise inaccurate work apd 
over-heating at the tail-end of the mandrel might 
result. 

Chucking Work-pieces.- - A work-piece is held 
in a chuck hy the„ radial pressures which are ex- 
erted on it hy a number of jaws, these radial 
pressures producing a circumferential frictional re- 
sistance, which tends to oppose relative motion 



between the work-piece and the jaws. The methods 
of producing the radial pressures which are avail- 
able are several in number, .just as there are several 
forms of jaws. 

In the ordinary lathe chuck there are either three 
or four jaws, and these are moved in radial direc- 
tions either independently or collectively. In the 
former case, the chuck is of the independent-jaw 
type ; in the latter it is of the self-centring or uni- 
versal type. Independent- jaw chucks are generally 
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matlf' with four jaws, whilst tho majority of self- 
coiitriti^f chucks have only three jaws. 

When work-pieces are placed in self-centring 
chucks, they automatically place themselves central , 
when they are mounted in mdependeut-jaw chucks, 
they have to he specially set central or ex-central, 
as the case ma} be. 

The method of gripping a solid work-piece of 



Fig, 168.— Chucking a largo-diainetor work-pieco. 

small diameter in a lathe chuck is indicated in Fig. 
167. Tn Fig. 168 is shown the method of holding 
a solid work -piece of 'large diameter in a lathe 
chuck. In this case, the jaws used are stepped and 
not plain as those which are represented in Fig. 
167, the work-piece being gripjied by the outer short 
faces of the jaws. 

When a hollow work-piece has to he gripped on 
the inside in a lathe chuck, stepped jaws have to be 
used, and these have to be set with their steps out- 
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side, contact beiiig ])etweeii one set of these and the 
inside surface of the work-piece. An exanijde of 
inside chuckin^f is shown in Fig. 169. 



Fig. lG'l.~(’liucking a hollow work-picco. 


Ill Fig. 170 is indicated a method of ensuring true 
running in the case of a work-])iece which has to 



Fig. 170.— Mothod of chucking a heavy work-piece. 

be chucked with a large amount of^ overhang from 
the ends of the chuck jaws. A pointed bar centred 
at the other end is employed as indicated, the 
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loose-hoadstock centre being used to keep the bar 
uj) against or in the work-piece. If the lit of the 
har in the bore of the work-piece is a good one, then 
the bar will revolve with the work-piece and not be 
hold by the frictional resistance, m the centre-hole. 
If the work-piece is not hollow, then a small centre- 
hole may he drilled in it, and the centre of the 
loose-headstock used, or, failing this, a bar like the 
one represented in the tigure, but with a sharp point 
(like a centre jioint) to fit in the centre-hole in the 



Pio. ] 71.— Solid lathe tool. 


work-piece may be used between the work-piece 
and the loose-headstock centre. 

Lathe Tools and their Setting.— -Ordinary lathe 
tools may be divided into two classes, namely, the 
solid tool and the inserted tool. In Fig. 171 is 
represented one of the’ former class, whilst several 
examples of the latter class are shown in Figs. 172 
to 175. The chief virtue of the inserted type of 
lathe tool is to be found in the economy in the use 
of tool steel which results from their employment. 
For the heaviest classes of turning, ’however, they 
do not appear to be suitable, owing to the heavy 
putting forces which operate in these cases, 
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The sha])CB of the noses (cutting ends) of lathe 
tools depend chi<;fly upon the duties which the tools 
are required to perfoVm and the nature of their 
work. Tools with long cutting edges always tend 
to set up chatterivig and vibration, which, trans- 



Fio. 172.— Inserted lathe tool. 


rnitted to the driving mechanisms of lathes, sooner 
01’ later have a deleterious effect on them. This 
tendency to set up vibrations is more pronounced 
in the cutting of the brasses and bronzes and alloy 
steels, which are high m nickel and chromium, than 
in the cutting of cast iron and plain-carbon steel. 



Fig. 17J.— Inserted lathe tool. 


On the other hand, a long cutting edge, other things 
being equal, connotes a high comparative durability 
of the edge, so that, in ordinary practice, it is 
usually found to be the best plan to adopt the 
mean, and so secure an average (^urability with a 
comparatively small amount of vibration. 

In conpeotipn with spipe of the finer cutting 
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o))efalions, this (juestiori of tlic settinj;-U]) of vibi’a- 
tioii as the result of cuttinj; is a viuy important one, 
since in these operations finish of surface is usually 
reijuired with exactitude of dimensions, neither of 



these results hein^f possible where there is a con- 
siderable tendency to set up vibiation. 

The angles of lake and clearance in relation to 
lathe tools are defined in jiractically the same way 
as are the same angles in relation to planer and 



shaper tools ; the chief ditTerence being that the 
clearance angle is, in this case, referred to the 
tangent to the circle of the work-piece at the point 
of cutting, whereas in the other cases it is referred 
to the surface of the work-piece itself. 

In the case of the majority of lathe tools, the 
principal angles have the following limiting values : — 
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Mtaal to 111 * 

t'roiil 

Side 

CleiU.'UK'e 

'I'ljoi 

Mat Imu'd 

Itake 

lUke. 

Allfries. 

Cast steel 

to 10' 

LU" to 16” 

4" to 10” 

76” to 81” 

Alloy „ 

.V’ „ 16" 

10” „ 2(r 

T „ S” 

70” 

, 82” 

Mild „ 

10" „ !>0" 

15” „ 26” 

4” „ 10” 

fi0‘ 

, 70° 

Cast iron 


1(.” „ 20" 

•'>" V i 

08° 

, 80° 

■Bronze 

0" „ .5" 

■ 0” 6” 

j M 1 

77° 

, 86° 

Brass 

0" „ rc 

1 <*” „ .6” 


77° 

, 86” 


Tbe 3ottiiijj[ of a lalhc too) in tho 8lide-]'eHt tool 
holdor neods carelul corisidoration, since by in- 
coirect setting it is possilile to altiir the operative 
anodes of rake and clearance, a vi'snlt that can also 
be (tohieved by alteiin^- the settiiifj of the tool. 



The theoretically correct position of a lathe tool 
is such that the cutting point of the tool lies in the 
horizontal plane which contains the axis of the 
work-piece, and. that the body of the tool is hori- 
zontal, This position is indicated at A in Figs. 
176 and 177, and the effects of altering this position 
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ill the eif^ht ways which are possible ai'e represented 
in Fi^fs. 1 70 to 179. 

In th(' cases represented in Fi}» 170, the tool is 
raised or lowered bodily in a direction at right 
angles to the length of the tool, so as to occupy 
either position or position The etlect of 
raising the tool in this manner is to increase the 
rake and reduce the clearance of the nose of the 
tool, whilst the effect of lowering the tool as shown 



at (' is just the opposite of this, that is, the rake 
is reduced and the clearance is increased. 

In Fig. 177 the effects of tilting the tool bodily 
about its cutting point are indicated. When the 
tool is I’aised into position B, the rake angle is 
reduced, and the clearance angle is increased by 
an equal amount, namely, the angle of tilt ; whilst 
when the position of the tool is changed from A 
to C, the opposite effects are produced. 

The effect in each of the cases represented in 
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Figs. 17K and 179 is of a coinponnd naluio, ilio 
(5om])Oundin^ that of the effect of normal 





Fro. 17‘^. — hathc-tool positions, 
movement and that ol tiltinj^ of the tool. In the 
former figure are shown the effects of the super- 



Fia. J79. — Ijatlie-tool positions, 
position of a normal elevation of Ithe tool and a 
tilting movement. When the tilting is upwards, 
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as shown at B, the, effect is differential in character, 
the el'fect of the luising tending to neutralise that 
of the tilting , wlien the tilting is downwards, as at 
C, th(' effect is a cumulative one, it being the sum 
of the two indivulual ones. Jn Fig. 179 the opposite 
case is represented, the effect?, in this case being 
ojiposite to those winch are associated with the 
positions indicated in l'’ig. 17H. 

It should be jiointed out here that normal tool- 
adjustments are almost invariably made on lathes 
fitted with th(“ Fjnglish form of tool-clainp, and also 
on lathes fitted with certain designs of American 
tool-posts. Adjustment of the jiosition of the cutting 
edge or point of the tool by tilting is, however, more 
commonly practised on American lathes than is 
the normal adjustment method. 

Turning Cylindrical Work-pieces.—Work-pieces 
which are driven Iietween the lathe centres cannot 
he turned truly cylindrical unless the cutting point 
or edge of the tool moves in a line parallel to the 
axis of the work-piece, which is, normally, coincident 
with tlie line joining the extreme ends of the points 
of the two centres. II the cutting point or edge of 
the tool does not travel along such a line, notwith- 
standing the fact that it may be always at the same 
normal distance from the vertical plane passing 
through the axis of tire work-piece, the outline of 
the latter will not be that of a true cylinder. The 
conditions necessary for the obtainment of a truly 
cylindrical surface are represented in Fig. 180, the 
line AB representing the axis of the work-piece, 
and the line CD the path of the cutting point or 
edge of the tool. In the elevation the line CD may 
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!»(' ahovo or coincident with the line AB. hnt in the 
loinier ease it must ])e ]wirallel to it as if] the figure. 
A set ol conditions under which a truly cylindrical 



>’i(i ISO. (lyliiidor-tiiniJtig. 


V.urlaee cannot he obtained is indicated m Fig 18i. 
Her*^, it will h(' notici'd, the path of the cutting 
] 101 lit or edg(‘ of the tool is inclined to the axis AB 



IHl. — Oylinder-tumiug. 

in the elevation. Under such circumstances satis- 
lactoiy results cannot be secured. * 

Another point ol importance in connection with 
the turning ol a true cylinder has reference to the 
VOL. ]I. 11 
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maintenance of the straij^htness of ilie axis of the 
work-piece. If the latter is comparatively long 
and slender, unless it is supported at least at one 
point intermediate to its two ends, the forces due 
to cutting tend to set up vdnations and dfiflections 
and to caus(! the work-piece to sju ing and to rule 
over the cutting edge ol the tool. The use of a 
travelling steady immediately liehiml the tool re- 
duces this tendency to a minimum, and enables 
work-])ioces of this kind to be machined satisfactorily 
in the lathe. 

The question of the heating of the work-piece due 
to cutting, and its effect on the length of the work- 
])iece, is also a niattei of some importance when 
the work-piece is long and slender. The effect of 
the heating of the work-piece is, of course, to cause 
expansion in every direction, the greatest effect 
being in the direction of the length, owing to the 
disparity between the length and the diameter. 
Obviously, this elongation can only be reduced by 
keeping down the rise in tempei'ature, which in 
turn can only be effected by either reducing the 
amount of heat generated or carrying away a large 
part of the heat as it is generated. The former 
method involves the reduction of the cutting speed 
or area of cut, or of both ; whilst the latter involves 
the use of a cooling medium, such as soluble oil or 
soda-water. But even when due consideration has 
been given to these points, it is desirable that 
attention should be given to the loose-headstock 
centre, which should be eased back slightly in the 
event of the work-piece revealing a tendency to 
buckle or bend. 




Fig. 188.“ Another pobition of turning tool. 

being obtained through the luediuin of eitlier the 
slide-rest as a whole or simply the top-slide. In 
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iht! fonner case, the slide-rest is invariably ])ovver- 
actuated if the tool has inori' than a very short 
distance to travel ; in the latter case, the slide is 
al ways h a nd -actuat('< I . 

In Fi”. 1H2 is indicated tlu' usual dis])osition of 
a strai^dit round-nosed tiirnin}^^ tool st't for plain 
tiirnini^f , in Fip IHd is indicated the disposition 
of the tool as adopk'd in certain cases . whilst in 



Fig. 184 IS illustrated the use of a right-hand round- 
nosed tool under aiinilar circumstances. 

Surfacing. -By “ su-facing” is meant a machin- 
ing operation in connection with which the cutting 
tool has a motion in a direction at right angles to 
the axis of the work-piece, so that surfacing always 
has as its object the production of a flat or quasi- 
flat surface on a work-piece at right angles to its 
axis. In the engine lathe, this operation is always 
perlornu'd through the medium of the cross-slide, 
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tills heiii^ hand oi ]) 0 \ver-actuated accordin^f to 
circumstanoPH. 

In 1E5 IS rnpr^sonted a ri^lit-hand side tool 
with a lonnd nose as s(‘t and used for the suifacin^ 
of file side or (Mid ol a work-])ie(;(‘. If a straight 
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tool is einproyed for the same purpose, it has to 
he set at an angle to the surface to be machined, 
as is indicated in Fig. 180. The use of a knife 
tool in a surfacing operation is illustrated in Fig. 
187. Ill tills case, the cutting edge of the tool is 
shortened somewhat by grinding, tfie object of this 
being the facilitation of the re-grinding of the nose 
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of th(' tool when tho cutting edge requires ve- 
shar])(Miing. In this 0])eration the tool should 
prciferahly he moved outwards, as indicated by the 
ari'ow , and the tool should he set so that the cutting 
edge has a m // xluiht inclination outwards in tlie 
direction ol motion of the tool. I’urther, il the 



form of lathe centre shown in the figure is used, 
the whole surface of the end of the W'ork-piece can 
he reached hy the cutting edge of the tool, that is, 
from the edge of the centre-hole to the circumference 
of the end of the work-piece, without any appreci- 
able difficulty. 

Taper-turning.—Tapers are of two kinds, namely, 
single and double tapers. The former, which is 
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tills heiii^ hand oi ]) 0 \ver-actuated accordin^f to 
circumstanoPH. 

In 1E5 IS rnpr^sonted a ri^lit-hand side tool 
with a lonnd nose as s(‘t and used for the suifacin^ 
of file side or (Mid ol a work-])ie(;(‘. If a straight 



Fia. 1H5. " Surfaning tool. Fin. ISO. — Sin facing ton). 


tool is einproyed for the same purpose, it has to 
he set at an angle to the surface to be machined, 
as is indicated in Fig. 180. The use of a knife 
tool in a surfacing operation is illustrated in Fig. 
187. Ill tills case, the cutting edge of the tool is 
shortened somewhat by grinding, tfie object of this 
being the facilitation of the re-grinding of the nose 
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foot length of taper, X being th(i (jiiantity indicated 
in the figure when the length of the iiase of the ta])er 
IS 1 foot. The third method is to ie])resent it by 
a fraction, with, preferably, 1 in the mmierator, such 

as ^ (see lignfe), in which N re^iii’esmits the lengili 

of the base, in inches, corresponding to a height 
or tireadth of the tajiei of I inch. In the foiiilh 



method, the taper is stated as Y inch per inch length 
of taper, Y generally being a deliiiite fraction of an 
inch. The following relations siiiisist between these 
several definitions : — 

Y = jl.. = tan . . (20) 

A double tap(‘r ina) he defined, for dimensional 
pui’poses, in live different ways corresponding to 
the above. Tlie fii-st is in terms of the total or 
included angle </> (Fig. 1 89) ; the second in terms 
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ol a Hide an^de 8, this aii^le heiii^ reffnvd to t)io 
axis ol tlif com*. Tlic third method is lo state it 
as X inches ])ei toot l(>ii;yftli ol taper, X lii'ing the 
(piantiU indicated in tlie hifiin*, or the (liCleienci* 
hetween tlie end diaim'tei s ])er foot hm^dh of ta])ei . 
Ttie foiiith method is to ie])iesent it h_\ a Iraction. 

such as , where X is the len;^th ol tlie ta])ei in 

inches u)ries])oiidm^ to a dianu'tial difference ol 
i inch 111 the lilth imdliod, the taper is stated in 
terms of the diametral dilfereiici* ])er inch len^dli 
of taper, that is, as Y inch ])ei inch len<,dh of taper. 
The following relations subsist hidween these si-veral 
’dell iitions - - 

' ” N " 1^2 “ 2 “ 

i\ list of tajiers E^ivinj.; the tapin', the tajier pel 
foot lem^th, the total or included angle, and the 
angle with the ct‘ntre hue, will he found in Table 
Vf I. of the Appendix. 

In regard to the actual proci^ss of turning taperi'd 
work-pieces, th(‘re an* at least live dilferent w'ajs of 
carrying it out in the engine lathe. These are — 

{a) By means of the to])-slide ot the jilain liand- 
rest or the moi'c complicated slide-rest. In each 
case the top-slide is s(*t over at the required angle 
W'ith re.spect to the axis of the woik-piece, this angle 
being the angle 0 of Big* 1^9, that is, one-half of 
the total or included angle of the taper, 

{(>) By setting over the loose-headstock centre, so 
that with a straight line travel of tjie cutting point 
of the turning tool parallel to the axis of the lathe, 
the distance between the axis of the work-piece and 
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tlie cutting' point of the tool changes with the position 
of the latter. This condition is indicated in Fig. 190, 
whicli represents a plan view. The amount of set- 
over which is given to the loose-headstock centre is 
generally taken as one-half of the did'erence between 
the two end diameters ol the inquired taper. The 
actual ainoimt of set-ovei is re])resented hy the dimen- 
sion S of the ligiirt'. Theoivtically, this method oi 
determining the amount of set-over is not coirect for 



three important reasons : first, the length of the 
taper is greater than the line joining the extreme 
ends of the points of the lathe centres ; second, the 
axis ol the work-piece is not coincident in direction 
with the line joining the centre jioints on account 
of the fact that neither the driving-headstock centre 
(Fig. 191) nor the loose-headstock centre (Fig, 192) 
lits exactly in its centre hole in the work-piece: 
third, the end planes of the work-piece are not 
parallel to the direction of the set-over in the actual 
turning operation. Generally, however, where the 
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aiififle B 1H9 and J90) is small (that is, where 

the taper is a sNmder one), or vvlieie ^reat accuracy 
is not essential, the above mode of computation is 
finite pormissihle, since the ('Ifeets of thf* conditions 
just sjiecified are not cumulative hut dilferential in 
charactei . VV here ^u'eater accuracy than that which 
is ord.nanly re(|uiied is demanded, the seiiii-dia- 
nietral diHeiencu! should lx* multijihed h> cos B, 
to obtain the amount of set-ovei of the loose head- 
stock centie. That is- - 

S = X e,os^ . (22) 



where 8 is the rfspiired amount ol set-over, 1) and d 
are the two end diametei's ol the work-piece, and B 
is the side angle ol the tajier, that is, one-half of the 
total or included angle of th(,‘ taper reijuired. Values 
of cos fi* for various tapeis are given m Table VII. 
of the Appendix. 

(c) By using a straight-edged cutting tool, and 
setting the edge of this at the required angle to the 
axis of the work-piece, that is, tl;je angle B, The 
position of the tool with respect to the work-piece 
is indicated in Fig. 1911. A gaug(‘ for checking the 
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accuracy of the work when the w'ork-piece is n)ounted 
on, and driven through the medium of a plain 



standaid mandrel is shown in kVn 194 The 
maniKM’ of its use is ohvious Ironi the fi‘,mie. 



Hu; Tapf'r-tnriiiiig. 

(d) By the employment of a taper-turning attach- 
ment, such as is found chiefly on American engine 
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lathes, foi' tile control of the motion of the tool as the 
slide-rest travels alon^ the bed d’his attachment 
consists of a hai, which can he fixed to the lathe 
bed in any position between the angles of + 5'’ and 
- 3° with respect to the axis of the lathe, and a 
block which is connected iigidiv to the cioss-slide 
of the slide-rest and arranged so that it can slide 
iilong th(' bar. 'rinis, as the saddle of the slide-rest 
inovi's along the bed oi the lathe, the cutting point 
of the. tool is const! ained to move in a direction 



U)4. Use of tenipliito in tapor-turning. 

parallel to the bai of the attachment. Foi‘ many 
classes of work this is the most suitable method 
of turning tapers, though m many cases the gradua- 
tions at both ends ot the attachment are not (piite 
correct. These giaduatioiis are usually given in 
inches per foot at one end ol the bar and in degrees 
at the other. 

(e) By combining the power cross-feed of the slide- 
rest with the power sliding feed. On some lathes 
these two movements cannot be oljtained simultane- 
ously ; and in the cases of many others, the number 
of combinations is limited. There are, however, 
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some lathes which are so designed that it is possible 
to obtain an exceedingly large number of combina- 
tions of these two movements, the t'ouner being ob- 
tained directly from the lead-screw ol the lathe, and 
the latter from the leed-i'od or back-shaft thi'ougli 
the ordinal y geaiing in the saddle-ajiion, the drive 
lor this being obtaiiu'd s))ecially fiom the Ic'ad-sciew 
and iiotdiiectly horn the driving spindle of the lathe. 
The principle ol (’.om])ounding is indicaU'd in Fig. 
IDb, ill which figure the line AO represents the 



Fuj. 1U5.— Diagram illustrafciug principle of taper-turning 
method. 

saddle movement lor a given numhei' of revolutions 
of the work-piece, the line BO the cross-movement 
of the tool for the same number of revolutions of 
the work-piece, and the line 00 the resultant Oi. 
these two movements, that is, the actual movement 
of the cutting point of the tool in regard to both 
direction and magnitude. The angle 6 represents 
the side angle of the tapei that would be formed 
under such circumstances, and from the figure it 
will be seen that— 
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lU) __ cross feed of tool 

AO longitudinal feed of slide-rest 


175 

(23) 


by means of which relationship it is possible to 
determine the sizes of the wheels in the train of 


I 



Fkj. J'Jf) Position of tool for tapcr-tiinniig. 

gearing which connects the hack-shaft cn feed-iod 
to the lead- screw. 

An important point in connection with the coriect 
formation of tapers is the position of the cutting 



point of the tool with respect to the horizontal plane 
which contains the axis of the work-piece. Accuracy 
is possible only when the cutting point of the tool 
lies in this horizontal plane, as shown in Fig. 196, 
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whichever of the above five methods ol ohtaimii^^ the 
taper is adopted. II the cutting point of the tool 
IS eithei above (Fip. It37) or below (b'lp 19H) this 
})1ane, the actual amount of taper foi'ined will not 
be the same as that for whicli tlie machnu! was set 



1 


P.lH. - Tapcr-turiinif'. 

11 ]), and the sides ol the taper will not be straight 
lines but curves, the amount of curvature m an> 
case (le])endiii^f upon the amount of ta])er required 
and the vertical distance between the cuttiii}' point 
of the tool and the axial liorixoiital ])lane, there be- 



Fri. Farmed work-piece. 


iiig no difference between a position above and one 
below this plane from this point of view. 

Forming. — By lormin),^ is meant a machining 
ojieration m which a woik-piece of a special shape 
or loim ispioduced. The former shajic required 
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/ 

may be one which is refervod to a plane passing 
through the axis of the worh-jiiece, as in the case 
indicated in Fig. J99, or one which is referred to 
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a plane disposi'd at right angles to. this axis, as re- 
jiresented in Fig. ‘200. 

The first ty])e of form can he machined in the 
lathe by means of a formed tool, the shajie of which 
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is the negative of the shape required, as is indicated 
in Fig. 20J , or by means of a former or copy bar 
which occupies a position with respect to the tool 
identical with that of the taper-turning attachment, 
the shape or form of the bar being practically the 
VOL. II. 1‘2 
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same an the outline of the reijuived form. Another 
method, where the form reijiiii’ed is fairly simple 
m nature and no j'reat aeeurae} is leqmred, involves 
the simultaneous operation ol tlu' to])-slide and 
cross-slide ol th(‘ slide-rest hy hand 

The question of the position ol the eiittiii'^ jioiiit 
ol the tool with respect to the axis ol the \vork-])lee(^ 
which has heirn discussed m relation to the turniiif:; 
ol tapers is of eipial importance m this case. 

Knurling.- -Th(' function of “knurling” or “mil- 
ling” (as it is sometimes called) is the ])i eduction ol 



a series of grooves and ridges on a curved surface 
of a \vork-])iec(‘ in order to give a roughness to the 
surface which increases the power with which the 
work-])iece can he grqqied, either for the purpose 
of holding the piece in one position or for the jiiir- 
pose of tuining it round. 

The majority of knurled surfaces are either 
cylindrical surlaces, as shown in Fig 202, at A, B, 
C, and 1), or convex or concave surfaces, as shown 
in the same figure at E and F respectively. In the 
case of knurled cylindrical surfaces, the grooves 
which form the knurling may he straight (Fig 202, 
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A) or helical 202, 13, C, and D), and in the 
lattei- case they may he either single lel’t-hand 
(Fi^n 202, P>), siuf^de rif'ht-haiid 202, C), or 

(loiihle (Fi/ 4 . 202, ])). The ^^rooves in convi'X and 
concav(‘ knurling are always straif^lit, as sliown in 
the liiTiire. 

Knurls are small wheels whose peripheries are pro- 
vided with a series ol sharp j^n-ooves and j-idges which 
run all the way round and so form ciittin^f ed^^es of 
a kind, though then cuttiii},^ action is necessarily very 
poor. Tlie form of kniirlinf^ shown at A in Fij^n 
202 is produced hy means ol a single cylindrical 
knurling wheel or knurl (as it is usually designated) 
with straight grooves, the forms shown at 11 and C 
liy means of single cylindiical knurls with suitable 
helical grooves , that shown at J) by means of two 
cylindrical knurls, with helical grooves and cutting 
edges of opposite hands, operating simultaneously; 
and those shown at FI and F by means of a concave 
and a convex knurl respectively. 

In Fig. 20d is indicated one method of setting up 
two knurls to be used together on the surface of a 
work-])iece. The shank of the tool is held in the 
tool-post or holder of the slide-rest, and the knurls 
are pressed against the surface of the work-piece by 
the application of a force (indicated by the arrow in 
the upper view of the ligure) through tlie medium 
of the cross-slide. The tool is made in two parts, 
with a hinged joint as shown, so as to allow the 
two knurls to accommodate themselves readily to the 
prevailing conditions and press eijpally against the 
work-piece. Two knurls are nearly always employed 
to produce the double form of knurling. When 
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only one knurl is used (as is the case with the 
forination of slti<^d(! kiuirliiiffj, it has to he held 
apiinst the work-piece h) pressure a])plied thron^di 
the inediinn of a lever. 

Cutting Speeds and Feeds. 'I’lie cuttin^^ speed 
ill an} particulai case of lathe work depends upon 
a nmnlier of factois, chief of which are (1) the niachin- 
inj^f properties of the material to he machined ; (2) the 



quality of the steel used in the tool ; (3) the depth 
of cut ; (4) the rate of feed ; (5) the si/e and shape 
of the tool ; (h) the length of time that should elapse 
between consecutive grindings of the tool ; and (7) 
the use or non-use of a liquid as a cooling and 
lubricating medium. 

Materials like cast tool-steel and the alloy steels 
have to he machined at much lower cutting speeds 
than have materials like mild steel and brass ; and 
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in every ciiwi a much higher cutting speed is per- 
missible if the cutting })oint of the tool can get below 
the skin or scale of the work-])iece for the whole of 
its revolution than if it has to work on tlu' scale 
during a ])art of ^the revolution— in fact, there is 
hardly anything else wiiicli has as ])ronounced a 
blunting effect on the cutting edge of a tool as hav- 
ing to w'ork on the skin of a work-piece 

Tools w'liich are inadi; of modern high-speed 
steel can be run at much higher cutting spi^eds than 
can tools made of ordinary ])lain-carbon steel, w'hilst 
tools made of superior liigh-spee*l steel can be run 
at higher cutting speeds than can tools made of 
oi dinary high-speed steel. 

The depth of cut and the rate ol feed are deter-, 
mined to a very huge extent by the general propor- 
tions and stiffness of the lathe, the kind of cut, the 
degree of finish reijuin'd, and the strength of the 
piece of work being opeiated upon. Generally it is 
more economical, wdiere much material has to be 
removed from the stock, to run at a comparatively 
low cutting speed with an increased depth of cut and 
rate of feed, with, if possible, preference being given 
to an increase in the depth of cut rather than to an 
increase in the rate of feed. 

A tool which is so shaped that a long cutting edge 
is presented to the work-piece will, generally, admit 
of the use ot a highei- cutting speed than is permis- 
sible with a tool having a comparatively short cutting- 
edge under similar circumstances. 

The use of a cooling and lubricating compound will 
usually result in the permissible increase of the cut- 
ting speed or of the area of cut, or conversely, it wdll 
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only one knurl is used (as is the case with the 
forination of slti<^d(! kiuirliiiffj, it has to he held 
apiinst the work-piece h) pressure a])plied thron^di 
the inediinn of a lever. 

Cutting Speeds and Feeds. 'I’lie cuttin^^ speed 
ill an} particulai case of lathe work depends upon 
a nmnlier of factois, chief of which are (1) the niachin- 
inj^f properties of the material to he machined ; (2) the 



quality of the steel used in the tool ; (3) the depth 
of cut ; (4) the rate of feed ; (5) the si/e and shape 
of the tool ; (h) the length of time that should elapse 
between consecutive grindings of the tool ; and (7) 
the use or non-use of a liquid as a cooling and 
lubricating medium. 

Materials like cast tool-steel and the alloy steels 
have to he machined at much lower cutting speeds 
than have materials like mild steel and brass ; and 



MKTH()J)S AND OPKllATlONS. 1 !S8 

/ 

values, which coneK])C)tul to the above cuttiuj^f 
speeds - - 



\ aliirK 1)1 ( 

On rasL ainl alloy stOfD . 

. \r2 to 

„ rasL iron . . . . 

114 ,, )!M 

,, mild Bteol aud»wrought iron 
,, liruss and liron/.o 

. i:i7 „ ii2‘) 

. ]'.)! „ 382 

11 Table VJIl. of the Ap)»endix 

aie given the 

pilar speeds coi rcsponding to a series of cutting 


speeds and woik-])iece dianietei-s. 

2. Turret-lathe Methods. In tunet and cajiKtan 
lathes tlu' woik-pieces are j^eneially ^n-ipped in, and 
driven h} self-centnn;;^ chucks (either split-collet or 
j.iVv’ chucks), and driren in this way without any 
outer SLipfiort Iiein*,^ ^uven to them. Bars and rods 
which am ot the drawn type, and therefore fairly 
uniform in cross-section with fairly smooth external 
surfaces, are held in collet or spring chucks almost 
invarialily, unless they are of comparatively large 
diameter or section Bastings and lorgings are uni- 
versally held in jaw chucks or special chucks which 
act as jigs. 

In Fig. 204: IS illustrated a t\])ical ])iece of work 
oil a flat turret lathe equipped with two spindles 
so that two similar work-pieces can be machined 
identically and simultaneously. In this case, each 
work-piece (which is in the form of a casting) is 
gripped inside at the back by the three jaws of a 
self-centring jaw chuck, and each side of the turret 
is equipped with two similar sets of tools, so that, 
whatever the operation at any jiarticular time hap- 
pens to be, it is performed on both work-piegei) 
ip tljie lathe, 
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3. Automatic-lathe Work. An example of thin 
fcyjje of Avoj'k is. indicated in 4’i}f- 205. This shows 



how work-pieces, which have been roughed out in 
a turret lathe, are finished in an automatic ^turning 
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and facing' latho. In this form of lathe tvV'o tool 
holders are employed, one (shown at A in the figure) 
being for plain turning, and the other (show'n at B) 
being for simj)bi facing work. The turning tool- 
holder has an automatic motion in a direction jiar- 
allel to the axis ol th(‘ lathe , whilst the othei’ has 
an automatic motion in a direction normal to this. 



Fin. 205. — Machining work-pioocs on automatic turning 
lathe. 


In the case illustrated, two work-pieces, mounted 
on the same mandrel, are machined identically and 
simultanooiwily, ten tools (four turning tools and 
six facing tools) being required for this work. 

Work of this type is purely repetition work and 
generally requires previous machining to have been 
done on the work-pieces before they can be operated 
on in this type of lathe. ^ 





CllAPTKK VI 

GUlNDlNd AND l,\PlMN(i. 

A observation ot a o])rial.ioii oI’Umi 

leads th(' uninituiU'd to the conclusion that there 
IS nothinj* in th<‘ natnu* ol cuttiuf^ in f^o-inding. 
This view, howevi'i', is (juite wron^, and we know 
to-day that f,nindin}4 is as n inch a machine-tool or 
tooling' ojieration as is drilling' or tiirnin^^ in the 
lathe, and that theie ari' well-dehned ])rincip)es 
which underlie its satisi'actoi v and efficient per- 
lorniance. 

1Iy grindiuff is meant the removal ol stock l)\ 
means of a wIk'cI huilt u]) of abrasive or cuttui}' 
material or materials and levolviiif' at a veiy hi^ffi 
sjieed. The abrasive material is in the form of 
crystalline {grains, and these are held together in a 
bond or bindinj;,^ material m such a way that the 
outer surface of tlu' wheel, whetlier jilane or curved, 
contains a lari^e number of sharp edj^es and points, 
these being chielly ol the grains of abrasive, though 
in some cases the binding material has an abrasive 
(juality. Ft is in virtue of the presence of these 
sharp edges that a grinding wheel possesses what 
we call cvUimj jmver, and its cutting power de- 
preciates as the outer edges of the abrasive, particles 
grow blunt. 


(ISO) 
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Abrasives. — The chief ahiasives in common use 
are the natural sandstone oi- ^n-jtstone, emery, cor- 
undum, carboi undum, alundum, and electrundum, 

'Fhe ordiiiary sand {^i-indstone, which is found in 
pi'aciically all general engineering workshops, is an 
abrasive wheel ol, probably, the softest f=;rad(‘. It 
is a natjial sandstone, and is sometimes associated 
with soui(' torm of lime. 

Ihnei’y is a natuial abrasive, and in its natural 
state it IS found in many jiarts of tlie world, cliietly 
(4reec(', America, and (leylon, the finest comiii}; 
liom the island ol Naxos, i'hiier} is an impure 
lorm of corundum, which is an oxide of aluminium 
(usually know'll as aluniiiia). the chief impurit)< 
beiri^f oxide of iron (maffiietite), the jiroportions of 
the corundum and ma^metite vaiyin^ lar^^dy. The 
content of the alumina ina\ be as hi^di as 70 ])er 
cent, and as low as 130 ])er cent. The finest emery 
is that which contains the jjjreatest percentaf,^e of 
alumina. 

Corundum, wdiich, as a natural substance, is not 
(]uite pine, its percentage })urity ranging from 80 
to 90 jier cent., is mined chiefly in Canada. As an 
abrasive it is distinctly supeiior to emery lor the 
majority of grinding operations, and, as a result of 
this superiority, is much more extensively used in 
modern grinding wheels than is emery, the decline 
of which dates from the discovery of extensive de- 
posits of corundum ore in Canada. Gems such 
as the sapphire, turquoise, tojiaz, and ruby belong 
to the same class of natural substances as does 
corundum, the peculiar colours in such cases being 
due to the presence of certain metallic oxides ip 
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the masses. Corundum has practically no colour, 
so thiU wheels made of corundum am coloured by 
the binding matenal only, such wheels consequently 
heiu},^ distm^mished by tlieir lij^ht colour. 

Cai’borundum is ])robably the hardest of all ab- 
I'aKives, both natural and aititicial, alter the seveml 
forms ol the diamond. Tt is entirely an artificial 
])roduct and is made in the electiic furnace, the 
temjieiature of which is considerably over 2000" C. 
or 3000" F. Chemically, carboiuiidum is a carbide 
of silicon, and it is formed by inixing in the furnace 
50 ])er cent ol carbon, in the foim of coke and soot, 
25 ])er cent of silica or aluminium silicate, in the 
form of sand, and 25 per cent of common salt, by 
weij^dit, tusinjf, and then allowing the mass thus 
formed to cool. On the breaking-n)) of this mass 
it is found to consist of crystals, which are further 
broken up and graded according to their sizes. Car- 
borundum is exceedingly brittle, chiefly on account 
of its glassy nature ; hence, notwithstanding its 
great hardness, it is found to be unsuitable for use 
on materials of high tensile strength, such as steel ; 
it IS, however, very effective on chilled iron, cast iron, 
bronze, copper, and aluminium. 

Artificial corundum is produced from ores of 
aluminium, these being reduced in the electric fur- 
nace and foiming an oxide of aluminium of the 
same chemical formula as natural corundum. The 
ore which is chiefly used is a pure form of clay 
which is known as Bauxite, so named because it 
was lii-st mined for this purpose at a place called 
Baux in France, tlioiigh it is now obtained in other 
parts of the world. Artificial corundum is known 
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under a number of trade names, such as Alundum, 
Aloxite, Boro-(krbone, and Electrundiim, and in 
nearly every ease it eontains slight percentages of 
other suhstaiiees, siieh as iron, which improve its 
abrasive ijuahties. 

Abrasive Wheels. An abrasive wheel consists 
o*f a huge nuinher of abrasive ])articles, usually in 
the form of crystals, which are lield in ])osition in 
a matrix or mass of liiading material, the force which 
holds them in it being simply the tenacity of the 
binding material. So that, should any particle of 
abrasive he subjected to an (‘xternal force which is 
greater than the tenacity of the bond round the 
particle, the particle i& torn out of the wheel. As 
a matter of fact, this action is continually happening 
during the use of a grinding wheel, the rate at 
which it occurs varying in different cases. 

Grit or Grain Size.— The size of the grams of 
abrasive which form the wheel determines what is 
known as the ijtU of the wheel. The grit or grain 
size of a grinding wheel is represented by a number, 
such as 46 or 60, this being the number of meshes 
per lineal inch of a sieve through wliich the particles 
have been passed after having failed to pass through 
the preceding finer mesh. Thus, 46 corundum 
particles are particles of corundum which have 
passed through a sieve having 46 mesh wires or 
threads per lineal inch of mesh. This number 
determines the coarseness or fineness of the wheel, 
a high nuinher denoting fineness and a low number 
coarseness, so that a 20 abrasive is coarser than a 
90 abrasive. Grits as coarse as 6 and as fine as 250 
are made, though the majority of the grits which are 
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ordinarily employed lie between the relatively course 
^O’it of 1() and the relatively line i^rit of 100. 

Some ‘'iindin}!; wheels art' made of a mixtuie of 
particles ol two iL,nits, such as 38 and (iO. These 
are known as comhnuillon irlicelx, the ^naiii sizes 
hein^ indicated hy the compound ol the two numhers 
— that IS, 3860 in the case cliosen 

Bondi - The haidness of a {^rindiii*; wheel depends 
entirely upon the bond oi cement in which the ab- 
rasive particles are embedded and held, and is not 
related to any quality of the abrasive particles. This 
(jiiality ol hardness is determined hy- 

1. The nature of the hindin" material. 

2, The treatment which the hindiiif' matei ial under- 
goes duriii}' the process ol manufacture of the wheel. 

Abrasive wheels can he divided into four distinct 
classes accordin^^ to the nature and treatment of the 
bond. These are : — 

(a) Composition or elastic wheels. 

(h) Silicate wheels. 

(c) Vitrified wheels. 

(ci) Vulcanite, wheels. 

The bond ol an elastic or composition W'heel is 
either shellac, hard rubber, tflue, or litharge (an 
oxide of lead) and linseed oil, which is mixed intim- 
ate!} with the ahrasue particles and then allowed 
to dry, either naturally or at a comparatively low 
temperature. 

A silicate wheel has silicates of soda and other 
bases as its binding material. The intimate mix- 
ture of the abrasive particles and the bond after the 
shaping operation, in which a mould is used, is sub- 
jected to a low temperature heating. 
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Vitntied wheels luive cei-tain such as i'elspar 

or kaolin (china clay), as theii bonds, the coinrnon 
feature of these cla\shein<f their hi^^h tensile streno^h. 
The mixtures ol the abrasive pai tides and the bonds 
are made with fluxes v^hlch aie very caiefiilly chosen, 
and after the mixtures have Iumui moulded to shape, 
the) are initial I) dned, and then suhseipiently biiint 
or calciiKxl in speciall) desifi;ned lurnaces, or kilns, 
the tem])erature in th’s ])iocess leachm^f ilOOO’ F 

The bond of a \ulcanite wheel consists of a mix- 
ture of mdia-rul)l)(‘r and sul})hiu. In this case the 
ahmsive jiartides aie mixed with the rubber and 
suh)hur, moulded to shajie, subjected to a very hi^h 
jiroBsure, and subsequently vulcanised by heat. 

The bond of a vitrified wheed itself possesses ab- 
rasive jiroperties which considerably enhance the 
cuttinfj; efficiency ot the wheel. Further, in the 
process of vitiification th(' bond contiacts, and as 
a result small inter-spaces are formed hetw'een the 
abrasive particles. Each particle thus stands out, 
and the metal removed in the f^rinding openition 
has a free passa^^e from the stock, and does not 
therefore crowd itself into the wheel and thus im- 
pair the cuttm^^ efficiency of the iatti'r. 

Grade. — d’he hardness ol an abrasive wheel is the 
tenacit) with which the bond or cmnent holds the 
abrasive pifrticles. ft dejiends upon the relative 
amount of bond to abrasive m the wheel, as wadi as 
upon the nature of the bond, and is referred to as 
the (irade of the wheel. 

Jn the case of elastic and vulcanite wheels, the 
^rade is represented by a nurnbei^, the numbers in 
ordinary use ranging from 1 to 6, 1 representing the 
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Roftost ffradc and 6 the hai'dest j^rade in which these 
wheels are made. 

In the cas(! of silicate and vitrified wheels, the 
hiiJ-dness-j^n'adinpf is doni* hy means of the letters of 
our own al])hahet, startinjjj at A (extiemely soft) and 
tinishiiifj; at Z (extremely hard).* For ordinary pin- 
poses the ffrades from -T to P are chiefly used. 

A complete list of grades wuth their corresponding 
degrees of hardness is given in Table IX. of the 
Appendix. 

Glazing. Since the cutting ability of a grinding 
wheel depends u])on the number and the sharpness 
of the cutting points or edges present in the active 
surface of the wheel, it is obvious that, if by any 
means the mimher or the sharpness of the cutting 
points or edges is reduced, the cutting ability of the 
wheel is likewise reduced. In the case of a satis- 
factory wheel, when the cutting point or edge of any 
abrasive particle has reached a certain degree of 
hluntness, the particle is detached from the wheel 
under the influence of the tangential cutting force, 
thus allowing the cutting point or edge of another 
particle to come into action. If this does not 
happen, the working surface of the wheel becomes 
covered w'ith a large number of flat, smooth surfaces 
which are moi’c or less polished in appearance and 
give a glazed appearance to the surface' —hence the 
name ylazimj, hy which this phenomenon is described. 
On the other hand, if the bond of the wheel is too 
soft for the work, the abrasive particles will be dis- 
severed from the wheel too readily, and though the 
w'heel will be a fast cutting one, it will also wear 
down excessively. Hence, it is necessary to selecl; 
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a grade of wheel which will give neithei’ glazing 
nor excessive wear. 



Abrasive Wheel Shapes.- The three chief shapes 
of ahrasixe wheels for external woik aie. the disc 
wheel (h'ig. 20()), the dish or saucer wheel (I'hg. 207), 



and the cup wheel (Fig. 208). For internal work 
the disc type of wheel (Figs. 209 apd 210) is chiefly 
employed. A modified form of disc wheel is in- 
dicated in Fig. 211, whilst various forms of disc 
VOL. II. 13 
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wlieel ed^es are shown in Fijj;. 212. Tlu* u\linder 
or ring wheel (Fig. 213) and the tapeied cup 'wfieel 



(Fig. 214) are sotnetmu's used in place of the ordin- 
ary Clip wheel. In Fig. 215 a tlangi'd fonn of wheel 
is indicated, it being possible to use both sides of this. 



The disc type of wheel is used for hotli surface 
and circular grinding, as well as for tool and cutter 
grinding ; the dish or saucer type is used chiefly for 
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circular grinding ; whilst the cup type is used chietly 



Fi(.. lil t. Uyliixlci whcol. 


for the ])roducti()n of flat surfaces, such as the laccs 
of lathe and planei cutting tools. 



Fifi. 214.--Tapered cup wheel. 

Abrasive Wheel Mounting.— The mounting of 
an abrasive wheel on its spindle requires a con^iider* 
able amount of care. In the first place the wheel 
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should not bo ci’owded on the spindle, that is, the 
wheel should he a fairly easy slidiiij^^ or push fit on the 
spindle, the diainetei' of the latter beiuf^ about ()‘005 
inch less than tlie diameter of th(‘ hole in the wheel. 
This a])plies in th(' case ol wheels with lead centri's 
ijiS well as in that of plain wheels. 

A fiirtlun' ])onit has ri'feu'ncii to th(‘ lit of the collar 
and washer which aie employed to hold the w heel 
on the spindle. The contact hetw'een these and the 



surface of tlie wheel sliould l)(‘ tow^ards the outer 
edges of the collar and washer (as showm in Fig. 210). 
Between the collar and the W'asher and the wheel, 
washers made of blotting-paper or other compres- 
sible matevial should always be inserted. They 
serve to distribute the pressure evenly over the sur- 
faces of the wheel. The collar should prefer-ably be 
secured to the spindle to prevent its rotation with 
the wheel i-elatively to tlie spindle. The hand of 
the screw'-thread on the spindle ^hould he such that 
the resistance to the motion of the wheel exerted by 
the work-piece tends to tighten the nut up against 
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tho washer. Tlmt is, tin*, thread should he l if^ht- 
hand if tlie din'ctioii ol rotation of the wheel is 
counter-dock wise, and left-hand if the direction is 
(;lockwise, wlien ohsei viitioii is tnadi' on th(' nut side 
of the wheel. 

Wheel Speeds. The circuinlenuitial speed ol ab- 
rasive wheids winch is found to puve the most satis- 



factory results varies from 4500 to 0000 feet per 
niiunte, thoH^h many of the lar^^er wheels are run 
at speeds wiiich are considerably below tliese. Every 
abrasive wheel after manufacture is tested at a cir- 
cumferential sjieed of about 9000 feet per minute, 
this speed corresponding to a rim stress in the wheel 
of about 75 Ihs. per stpuire inch. In actual working, 
the iiiii stress should never exceed 25 lbs. per square 
inch, this being a safe working stress for all the 
binding materials used m abrasive wheels, 
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Work Speeds. — A consuleiahle ditforeiice of 
opinion exists as to the most suitable surface speed 
at which to run the- work-piece. Surface speeds as 
high as 150 feet jier minute have been used, hut the 
tendency at the present time is to use much lower 
work speeds, from, sa), 25 to 50 feet ))(‘r minute. 

Finishing woik speeds are usually about 25 jier 
cent iielow the corres])onding roughing sjieeds. 

Relation between Wheel and Work Motions.^ 

In regard to the relation between the directions of 
lotation of the wheel and the work-piece m circular 
01 ' cylindrical grinding, the condition to be satisfied 
ic that, at the point ol‘ contact, the two diiectioiis 
are opposite. This is indicated in Fig. 217 for both 
external and internal grinding. It will be noticed 
that this is precisely the same condition as that 
which should hold in milling operations {Fig. lib). 

Truing-up Abrasive Wheels.- -Abrasive wheels 
are trued up and dressed by means of special rotat- 
ing discs or cutters, or by means of specially mounted 
diamonds. For the lighter wheels, and where accur- 
ate shapes are required, the latter method alone is 
suitable. 

Disc Grinding.— The disc abrasive wheels already 
referred to should not be confused with the wheels 
of so-called disc grinders. These wheels are steel 
discs which rotate generally at speeds which are at 
least ’twice as great as those at which ordinary ab- 
rasive wheels of the same diameters run, and on 
their front faces are cemented or glued specially 
prepared abrasive (emery or corundum) paper or 
cloth, preferably the latter. Tlie abrasive particles 
on the paper or cloth act in exactly the same way 
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as the abrasive particles in a grinding wheel do, 
though, naturally, in this case no truing or re- 
sharpening is possible as in the case of the wheel. 
Disc grinding is essentially surface grinding, its chief 




Pin. 217.- -diagrams showing directions of revolutions of 
grinding wheel and work. 

' features being the high sped which is permissible 
(2000 r.p.m. in the case of a 20-inch disc) and the 
low cost of renewal of the abrasive element. 

Lapping.' -This is a form of cutting which belongs 
to the grinding class. It is, however, distinct from 
grinding inasmuch as the cutting element is a wood 
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or metal body whose surface, as far as possil')le, is im- 
pregnated or charged with abrasive particles* The 
body, which is known as the lap, may he made of 
cast ii’oii, mild steel, brass, copper, lead, or wood, 
and the abrasive may he diamond powdei, corimdum, 
ground glass, (unery, carhoiundum, rouge, ciocus 
})Owder, or trpioli jiowder. Tlu* alirasive powder is 
well mixed with oil oi turjientiue to loim a ])aste lor 
application to tlie working surface ol the lap, The 
coarser powders being used m the heavier lapping 
operations. liouge and turpentine is a good com- 
pound for iinish helping. In no case, however, is 
the grade of the abrasive very coaise. 

Lapping is chiefly applied to external and internal 
cylindrical surfaces, flat end surfaces, and the sur- 
faces of screw threads. Its purjiose is twofold : (1) 
to produce a higher degree of finish than can be 
obtained by grinding or any other method except 
polishing ; (2) to correct errors on ground, hardened 
work-pieces, or to give greater geometrical accuracy 
to these. A lap should, therefore, he at least (juite 
as accurate as the surface to he. lapped is rcijuired to 
he and, if jiossihle, it should he even more accurate. 
This condition, generally, is not veiy difficult to 
realise, since laps ai-e made of unhardened metals 
which are readily amenable to the action of ordinary 
cutting tools. 

In regard to the use of lajis, it may he pointed out 
that it is not desiiuble tliat there should he an excess 
of abrasive material on the lap, since, with this con- 
dition of excess satisfied, the alirasive has no real 
lodgment in the lap and has therefore a jiionouiiced 
tendency to roll round betwemi the lap and the 
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work-pioce and so cut into both, bor rough lapping 
the most suitalile coinliination is an open-grained 
cast-ii'on lap and coarse diamond or carborundum 
powdei. For linish lajiping, a brass Jap and louge, 
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diariiantine, oi crocus powdei is a combination 
which yields good results. Carborundum paste has 
been found to give good results as a lap abrasive; it 
does not require to be mixed with oil for charging. 



Fiii. 2111 — Iflxtornal lap. 


Laps for internal and external cylindrical lapping 
should be of the adjustable types (Figs. 218 and 219), 
so that thir pressure between the work-piece and the 
lap can be varied at will to suit the conditions pre- 
vailing at any particular- place on the surface being 
la])ped. 
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For the, lappin" of end surfaces which have to he 
fiat, as the ends of certain measuring screws, it is 
necessary to use laps with plane working surfaces. 
To ensure that the end surfaces will he normal to 
the axis of the work-]>ieces a helping holder of tlu' 
jonn indieatinl in Fig. 220, or of a similar foim. 



should he used. The use of this holder is simple, 
the work-piece being held up in the vertical vee- 
groove during the lapping operation, and occasion- 
ally slightly turned about its own axis. The lap in 
such a case is a cast-iron plate with a plane upper 
surface containing a number of shallow groves nor- 
mal and parallel to each other, this being used as 
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the lapping surface, and as such charged with the 
abrasive compound. 

Abrasive Slips and Stones.— The. oil-stone has 
heeiipised foi many years for putting the finishing 
touches on the faces and edges of cutting tools. 
\l)iasive sh])s and stoties of various sections aiul 
lengths an* now made of such abrasives as carborun- 
dum and alundum. Tlu'se are extremely useful for 
the finishing of hai-dened ])arts by hand, and take 
the place of hand lajis, which they lesemble in action 
hut not in construction. 



V 



SOllEW-TTIRKADS AND THEIU EORMATTDN. 

A KC'llK^v-THl{KAu IS a piojcctioti ov rulgc ol (lelinitb 
sectional form which runs roimd acvlinder or cone 
in the form of a helix, the liehx hcin^ usually of such 
a character that the distance fiom any one point in 
any convolution or turn to a corrcs])ondinf^ jioint in 
the next convolutioi\ or tmn is a constant one, A 
sciOAv consists of the comhmation of a cylinder or 
cone and a fiehcal projection, the coinmoimst screws 
being those which have threads formed on external 
or solid cylinders, or in internal or hollow cylinders. 
The latter are known as nuts in the majority of 
oases. 

A screw may have either one or a number of 
thread helices formed on it. The first form is known 
as a single-threaded or single-start screw ; the second 
as a multiple-threaded oi- multiple-start screws 
Again, a multiple-threaded screw may have two, 
three, four, or any greater whole number of thread 
helices, the only difference between the helices being 
in regard to their positions on the screw. 

Pitch and Lead.— Tn the case of a single- 
threaded screw, the distance from any one point in 
any convolution of the thread helix to the corre- 
sponding point in the ‘next is Called the pitch. In 
the case of multiple-threaded screws it is called the 
( 205 ) 
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uid, wliich is sometitncs dtifiiuMl as the axial or 
aii}^itiiclinal nioveiii(‘ut ol the scnnv iii the. nut })cr 
evolution ol itstill. lu this latter case, the ot 
he screw-thread is eipial to thf' lead divided hy (he 
ivmhej of separate threads, and it- is the distance 
roll) any one point in any convolution ol an^ tin cad ^ 
lelix to th(' corres])ondin^^ })Oint in the correspond- 
nj: convolution of the next thread helix. The ptUdi 
ind lead ol a sinijle-ili leaded scieir aie itleiiiuxU. 
This (liherence hetween ])itch and lead is not sulh- 
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ciently recognised in this country, and much con- 
fusion occurs as the result of the failure to distinguish 
hetween them. 

Forms of Thread Sections.- The sectional shape 
of the thread helix is dehnite for each of the standard 
threads in use. The section of the thread referred 
to in eveiy case is one which is contained in a plane 
which iiasses thiough the. axis of the screw, and not 
one which is normal to the thread helix. 

The- sectional form of the Whiiwoi tk standard 
thread is shown in Fig. 221. The two flanks of this 
thread are each inclined to the ])lane normal to the 
axis ol the screw at an angle of 27^", making the 
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total or includod anf^le of tlie section 55'' The lop 
or crest and the bottom or root are eijiially lounded, 
the radius U beiiif' equal to ()Td7d time the ])itch 



(P), The de))th (D) of the thread e<]uals O'CilOdd 
time the pitch. 

The sectional form of tlu^ Sdlcjs thread (Fig. 222) 
is that of a truncated equilateral triangle, the width 
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(W) of the flat at the top and the bottom of the 
thread being one-eighth of the pitch, and the depth 
(D) of the thread 0‘6495 time the pitch. 

The British Association stailUard thread (Fig. 
223), known shortly as the B.A. thread, has a round 
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crest and i-oot, the thread-section an^^de heins 47 i", 
the I’adius ol' curvature (R) of the crest and root 



Fit.. ‘J'JI.- (’yclo Kiif^inoi’rs’ Institute standard tliroad, 

hi'in^ two-elevenths of the jiitcli, and the dejith 0 0 
of the ])itch. 

The Cyck I'jwjimcns' InUdiik standard thread 



(Fig. 224) is rounded, and of 60°. The crest and 
root radii are each equal to one-sixth of the pitch. 
The Acme standard thread (Fig. 225) has an in- 
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eluded an^le of 29\ the top and bottom of the ihread 
bfiin^ flat and of a widtli oqiial to ()d7I tinie the 
pitch. 

The Stjinur. thread (Fig. 22()) has a d(!])t}i which 
is generally ecjual to one-half of the pitch or 0-025 
time the pitch less*than this. 

Screw-thread Rake. — The rake of a sciew-thread 
is the inclination of the thread to a plane normal to 
the axis of the screw. Now, it can he readily shown 
that this angle is, in any given case, greatest at the 
bottom of the thread, and least at the tO}), and that 


L. p 
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the relation hetween these values depends upon the 
outside diameter of the screw, the depth of the 
thread, and the pitch (or lead, as the case may be) 
of the screw. This is shown m Fig. 227, in which 
F represents the pitch, the outside or top circum- 
ference, Cj the inside or bottom circumference, and 
and the two rake angles respectively. 

For certain purposes, such as that of examination 
by optical projection, the angle of rake {6, Fig. 227) 
is taken at what is variously known as the effective, 
pitch, or angle diameter, which is, in the case of a 
correctly formed screw, the mean of the outside and 
VOL. II. U 



210 Machine anI) fiI'Tikg phactjcK, 


hottoni or core diameters. For the grinding of 
threading tools in some cases the angle of luke 
corresjionding to the outside diameter is taken ; in 
otheis, that corresponding to the core diameter. 



Fig,' 227 —Diagram illustrating screw-thread rake. 

Effective Diameter of a Screw,— In the case of 
any actual screw, the effective angle, or pitch dia- 
meter, is the distance, measured in a direction 
perpendicular to the axis of the screw, between the 
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part of tho throiui section whoso width is ocjiial to 
one-half of tho pitch and the })art oi' tho thread 
groove immediately opposite whicli is also ono-hall 
of the ])itch wide. The effective diameter of a 
screw gauge is an unportant element. Its working 
v.alue is actually greater than its measured valiui 
if the pitch of the thread is not constant fiom con- 
volution to convolution of the helix and also round 
each convolution. Its actual measurement is ac- 
complished by means of thread micrometer cali])ers 
and also by means of ordinary micrometer calipers 
and needles, wires, or rods. 

Hands of Screw-threads.— A screw-thread is 
a light-handed one if the screw has to be turned 
towards the right (that is, clockwise) m order to 
screw it in or on its mating element ; it is left-handed 
if the direction of turning is counter-clockwise. 

Methods of Cutting Screw-threads.— Both ex- 
ternal and internal screw-threads are now formed 
in the various forms of the lathe by means of single 
pointed cutting tools, formed tools, chasers, dies, 
rollers, abrasive wheels, and thread milling cutters. 
The only other machine in which screw-threads are 
formed is the drilling machine converted into a 
tapping machine, and in this case they ai’e usually 
only interniij threads which are formed. External 
screw-threads are formed by hand by means of dies 
which are either solid or held in holders called 
stocks. The nut die has an external form which 
is either square or hexagonal, so that an ordinary 
spanner can be used on it. Th^‘ nut die is used 
chiefly for removing bruises and burrs from screw 
threads already formed on pipes, bolts, and studs. 
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lnto)‘nal scvew-threads arc foimed by hand by 



ineaiiK of ta])s. Tti a s(it of 
band taps tht'in are three taps 
(IV. 22K), The first of tlie, three 
is calltal t)i(' ta])er tap, and is of 
such a form that tlu'- diameter 
of tlte startiiij^ end of tlie tap 
IS not greater than the core or 
bottom diameter of the tap, that 
is, the so-called ta])ping size of 
the hole. The second tap is 
known by some engineers and 
mechanics as the second tap; 
by others it is known as the 
plug ta]). The third tap is 
known as the plug or bottom- 
ing tap according as the second 
tap is known as above. Each 
tap is turned in the hole of the 
work -piece by means of a 
wrench, such as is illustrated 
in Eig. 52. 

Setting the Thread-cutting 
Tool in the Lathe.— In Fig. 
229 are indicated two methods 
of using the ordinary thread- 
cutting gauge in connection 
with the setting of flingle* 
pointed thread-cntting tools in 
the lathe. Method A is the 
one which is the more com- 
monly used, though Method B 


always provides a check upon the setting by method 
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A when the section an^k* of tlie thread is 60". In 
Fi^r. 230 three^niethods of settiiif; the coneapending 
internal tools are shown. 

Cutting Right and Left-hand Screw-threads. 

— The chief diherence la^tAveen the set-np of a lathe 
for cutting a I'ight-hand tin e, ad and that for cutting 
A lelt-hand thi-(‘ad is in regard to tfie direction of 



Fig. 220. — Motliods of setting external thrcail-cutting took. 

rotation of the lead oi- guide sci*ew which conti’ols 
the motion of the slide-rest and tool. One method 
of changing this direction involves the use of the 
so-called reversing plate or cluster which is found 
on nearly every screw-cutting lathe — one would be 
justified in saying every screw-cutting lathe, since 
where the ordinary reversing-plafe device is not a 
part of the design of the machine, its eijui valent is, 
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In Figs, 231 to 233 are shown three positions of the 
reversmg plate, F, of a screw-cutting lathe. The 



Fit.. 2;i0,— Methods of setting internal thread-cutting tools. 

wheel A is the first in the train to the lead screw ; 
it is mounted directly on the driving spindle of the 
hesidstock. The wheels B and C are pf the SftOje 
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A lelt-hand thi-(‘ad is in regard to tfie direction of 
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rotation of the lead oi- guide sci*ew which conti’ols 
the motion of the slide-rest and tool. One method 
of changing this direction involves the use of the 
so-called reversing plate or cluster which is found 
on nearly every screw-cutting lathe — one would be 
justified in saying every screw-cutting lathe, since 
where the ordinary reversing-plafe device is not a 
part of the design of the machine, its eijui valent is, 
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wiienl train ; this, however, is not always practic- 
a!)le. • 

Change-gear- Wheel Computation. — The two 

0 }'dinary arran^fenients of change-gear whfiels with- 
out geai‘-hox are indicated in Figs. 234 and 235. 
Tlie toi-iner ligui'e illustrates the case of simple 



geai'ing, and the latter that of compound gearing. 
SW IS the stud wheel, fW the intermediate wheels, 
and IjW the lead-screw wheel. 

The numbers of teeth in the change-gear wheels 
re(iuired in either of the alx)ve cases can be com- 
puted as follows ; let P =» the pitch of the lead- 
screw. and -j) ~ the pitch of the screw-thread to be 
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cut, assuming the screw to have a single-start 
thread, since otherwise we must take the* lead of 
the screw-thread instead of the pitch. Then, we 
have that— 

Product of numl>ei-s of teeth iu diiving wheels 
Product ol numbers of teeth in diiven wheels 



The driving wheels are the wheels on the stud 
and the second wheel on the quadrant plate ; the 
driven wheels are the first wheel on the quadrant 
plate and the wheel on the lead<screw. 

The fundamental formula for the calculation of 
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the numbers ol teeth in the change-f;;ear wheels 
required, in connection with the cutting of metric 
threads on lathes with English lead-screws is as 
follows ■- - 


Product of numbers of teeth in driving wheels 
l‘roduct of numbers of teeth m dt'iveu wheels 



Fio. ii:-! 4 .~-Singlo change-wheel Fiu. 2:i5.--CompbuDd ohange- 
goaring. wheel gearing. 


where m = the pitch of the screw-thread to be out, 
in millimetres. A wheel having 127 teeth is an 
essential part of the train of change-gear wheels in 
all cases in connection with w'hich this formula is 
P^ed, 
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Square-thread Cutting Tools.— The sectional 
sha])e of 'the nose of a threading tool 'for the cutting 

A 



Fio. 238— Diagram for setting square-thread cutting tool, 

of square threads is indicated in Fig. 236. The 
angle <f)y which is the inclination of the leading 
hank of the nose to the vertical, should be equal 
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to tho an^le (Fi^. 227) plus 2" or 3 " of cjearance. 
The angle is the inclination of the follovring flank 
of the nose to the vertical, and should he made eijual 
to the angle ol Fig. 227. 

For the cutting of coarse-pitched screw-threads 
tools inadi' of ^onnd-sectioned steel are generally 
prelerred. in such cases the nose of the tool is 
ground to tlu‘ sha})e indicated in Fig. 237, and the 
tool is turned thiongh a small angle about its own 
axis. This angle is the same as the angle (j>^ of 
the preceding ligure, and its magnitude is often 
found in the shop by drawing a right-angled triangle 
(Fig. 238), the base of which equals the pitch or 
lead (as the case may he), whilst the height equals 
three limes the outside diameter of the screw. The 
direction in which the tool is turnet) about its own 
axis depends only upon the hand of the thread to 
be cut: if the thread is a right-hand one, the 
direction is that indicated by the full arrow of the 
figure , if it is a left-hand one, the direction is that 
indicated by the dotted arrow, observation being 
taken towaixls the nose of the tool in each case. 



CHAPTER VHI. 

INTKlUlHANdEAI'.LK SYSTEM OE MANUFACTURE. 

The fuiidanH'iital pi'iiiciplo of iiiodern eiij.,dneeriH^f 
manufacturing methods is that of interchauf^eability 
!)etweeu similar parts or elcimeuts of the machines 
or constructions manufactured. Interchauf^eahility 
is in essence an economic proposition, and upon the 
degree of success realised in its attainment the cost 
of manufacture undouhtedly depends. It is, liowever, 
very difficult to attain unless modern methods of 
machining are adopted. 

The adoption of this system of manufacture neces- 
sitates that all similar work-pieces shall be machined 
to dimensions which lie between fixed limits, and 
that work-pieces which are machined to dimensions 
which lie outside these limits shall he rejected for 
correction where this is possible. 

To explain the system we will take as an illustra- 
tion the comparatively simple case of a journal shaft 
and bearing. To give satisfactory service the fit 
between the joui'iial and the l)earing must be of a 
certain kind; if it is too loose or free, excessive 
vibrations might be set up in the shaft and the 
lubrication of the shaft might be affected; on the 
other hand, if the fit is too tight or hard, the lubri- 
cation might fail, excessive frictional resistance might 
( 222 ) 



TNTETK^n AKC tE AEEK SYSTEM . 




he set up and undue heatinj^ tliereby caUjSed, if 
only OIK! pair has to be made it may not matier what 
is exactly either the diameter of the shaft oi the dia- 
meter of the heariiif^, so loiiff as the re(juii-f‘d fit be- 
tween the two is obtained. In other words, the 
shaft can he m!ld(‘ to suit the heavin^U or rice, 
versd. 

Wlien we come to manufactuiing shafts and 
healings on a laig'* scab*, liowevei, we find that wo 
cannot specially deal with each ))aii if the work is 
to he done economical!} . Hence, it is necessary 
to lix a standard for tlu! hearings and one for the 
shafts, and to allow d(‘partures from these standards 
only up to certain limits. Thus, su})]iose that the 
nominal diameter of the sliaft and bearing is 1 inch. 
This we can take to he the standard dimension for 
cither the journal or the h(*aring, and lix the limits 
on the two sides of it, as, for example, 0*9995 inch 
and 1*0005 inch. If we ado])t what is known as 
the “hole” liasis, the nominal diameter becomes 
the standard diameter or bore of the bearing. In 
such a case the shaft must be smaller in diameter 
than the nominal diameter ; and it must also be 
smaller than the lower limiting diameter oi' the bear- 
ing ; that is, the diametm* of the shaft must be less 
than 0*9995 inch. The standard for the shaft we 
can there'fore take to be 0*9985 inch, and the two 
limtts 0*9980 inch and 0*9990 inch. This would 
give us the fit required, and we should be quite 
certain that every shaft machined between these 
limits would fit any bearing machined between the 
other pair of limits. ^ 

In connection with this system there are several 
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tevins i,n frequent use, the following being fletinitions 
of them 

'^--'Toleraucfi is a ])('miissihle difference in the 
dimensions of work-pieces prescrilied to allow tor 
imperfections in workmanship, covering inaccuracies 
in machine tools, wear of cuttifig tools, and im- 
perfect skill. In each of the aliove cases the toler- 
ance, being the difference between the high and low 
limits, is equal to 0-001 inch 

Alhw'dnce is tlie difference between the standard 
or nominal dimensions of two fitting parts or ele- 
ments jiri'scrihed for the purpose of obtaining a 
certain kind of tit. There are four kinds of tits, 
namely, force Iff, driving tit, sliding, keying or push 
tit, and running tit. In the above case, the allow- 
mc is (1-0000 - 0-9985) 0-0015 inch. 

A force fit is of such a nature that the shaft has 
to be forced into the hole by the application of great 
pressure, or the part containing the hole has to be 
shrunk on the shaft. 

In the case of a drimuj fit, the two engaging 
elements can he driven together or apart by the 
apjilication of a small force delivei-ed through the 
medium of a hand hammer. 

A ttiidiuij or keying fit is the tit between two 
parts which have to slide relatively to one another. 
No great force ordinarily is required to push one 
part over or on the other. 

A nmnmg fit is of such nature that one of the 
engaging parts can he revolved inside or on the 
other. There are three grades of this fit, the finest 
of the three grades being required in the case of 
shafts which have to revolve at high' speeds, 
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Gauging Work-pieces.— This, in the interchange- 
able system of manufacture, is usually done by jneans 
of limit gauges already described in the first volume, 
there being a gauge for each ot the two limiting 
dimensions. In the case of external gauging, the 
high-limit gauge inwst gh on or over, whilst the low- 
limit gauge must not; m the case of internal gaug- 
ing, the high-limit gauge must not go m or through, 
whilst the low-limit gauge must. Gauges, however, 
cannot he made to so-called dead dimensions, but 
are themselves made within certain limits, the toler- 
ance in this cas(i ranging from 5 to 10 per cent 
of the tolerance adopted in connection with the 
machining operations on the parts to be gauged. 


VOL. TT 


15 




.APPENDIX. 

TARLK 1.— LIST OF DKOIMAL EQUIVALENTS OF 
STUB’S STEETi WIRE AND DRILL OAUOE SIZES. 
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0 1695 

1 I 

0 ^720 

71 

0-0200 

44 

0-0860 

17 

0-1730 

J 

0-2770 

70 

0-()270 

43 

0 0890 

16 

0-1770 

]\ 

0-2810 

69 

0-0290 

42 

0-0935 

15 

0-1800 

L 

0-2900 

68 ' 

0-0300 

41 

0-0960 

14 

0-1820 

M 

0-2950 

67 

0-0310 

40 

0-0980 

13 

0-1850 

N 

0-3020 

66 

0-03-20 

39 

0-0996 

12 

0-1890 

0 

0-3160 ' 

65 

0-0330 

38 

0-1015 

11 

0-1910 

P 

0-3230 

64 ! 

0-0350 

37 

0-1040 

10 

0-1935 

Q 

0 3320 1 

68 1 

0-0360* 

36 

0-1065 

9 

0-1960 

R 

0-3390 

62 ] 

1 0-0370 

35 

0-1100 

8 

0-1990 

S 

0-3480 

61 . 

0-0380 

34 

0-1110 

7 

0-2010 

T 

0-3680 

60 

0-0400 

33 

0-1130 

6 

0-^040 

U 

0*3680 

59 

0-0410 

32 

0-1 160 

5 

0-2055 

V 

0-3770 

58 1 

0-0420 

31 

0-1200 

4 

0-2090 

w 

0-3860 

67 1 

0-0130 

30 

0-1285 

3 

0*2130 

X > 

0-3970 

56 1 

0-0465 

29 

0-1360 

2 

0*2210 

Y 

0-4040 

65 

t 0-0520 

28 

0-1405 

1 

6-2280 

Z 

0-4130 

64 

0-0550 

27 

0*1440 

— 

— 

— 

— 


( 227 ) 
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TABLE II.- ANGULAR. DRILLING SPEEDS AND 
FP^EDS FOR PIjATN-CARBON STEEL TWIST 
DRILLS OF DIFFERENT DIAMETERS. 


„ 

— 



— 

1 

Oiametor 

On Stcnl iiiitl Iron. 

pii Brass and Bronze, j 

nl Drill 
in Ini'hns 

AiiKiiliir 1 

lilUl'Ill 

Augulut 

Linear 

SjH'wl Ht'vs.' 

Fi'i'ii Ins. 

Sp(*e,tl : Revs. 

Feed : Ins. 


pt*i Mil) 

pH R.‘V 

)»(•!’ Min. 

pel Rev. 

I’r 

1250 

0-003 

1550 

0-004 

i' 

020 

0-004 

790 - 

0-004 

ii 

420 

0-004 

530 

0-005 

{ 

310 

0-005 

420 

0-005 


250 

0-005 

330 

0-006 


210 

0-006 

285 

0-006 

/b 

180 

0-00(i 

255 

0-007 

/ J 

154^ 

o-a)7 

230 

0-007 


140 

0-007 

210 

0-008 


125 

O-OOH 

185 

0-008 

}« 

114 

0-008 

170 

0-009 


105 

0-000 

107 

0-009 

y 

06 

0-009 

144 

0-010 

s 

00 

0-010 

135 

0-010 

n 

1 

83 

0-010 

124 

0-011 

77 

0-011 

115 

0-011 

u 

70 

0-011 

105 

0-012 

y 

02 

0-012 

98 

0-012 

H 

57 

0-012 

85 

0-013 

li 

y 

52 

0-013 

78 

0-018 

48 

0-013 

72 

0-014 

y 

45 

0-014 

67 

0-015 

n 

41 

0-015 

Cl 

0-016 

2 , 

38 

0-016 

57 

0-017 

21 

35 

0-017 

51 ' 

0-018 

2^ 

2j 

31 

0-018 

46 

0-019 

28 

0-019 

42 

0-020 

8 

25 

0-020 

1 

38 

0-021 
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TABLE IIT.-ANGULAH DRILLING SPEEDS* AND 
FEEDS FOR HIGH-SPEED TWIST DRILT.S OP 
DIFFERENT DIAMETERS. 


])iaiii(‘t(‘r j 
of Drill 
in Inches I 


s 

i'a 

■ t 

h'. 

J 

H 

1 

Ifl 

1 

n 

n 

n 

H 

n 

n 

2 

2f 


On Steel ami Iron. 


r:> a 

'i 

Is 


ll 


V > 

a a: 


a 

4000 

0-004 

2000 

0-005 

lOOO 

0-006 

1000/ 

0-(K)7 

800 

0(H)8 

Gm 

O-OO » 

r)70 

0-010 

500 

0-011 

440 

0-012 

400 

0-018 

860 

0-014 

380 

0-015 

310 

0016 

200 

0-017 

270 

0-OlH' 

2r)0 

0-019 

220 

0-020 

200 

0-021 

180 

0-022 

165 

0-023 

155 

0-024 

145 

0-025 

• 185 

0-026 

125 

0-027 

no 

0 028 

100 

0-029 

91 

0-030 

88 

0-080 


On Brass and Bronze 


xs a 



a ^ 

^ a 

4000 

0-004 

3000 

0-005 

1900 

0-006 

1400 

0-007 

1100 1 

0-008 

950 

0-009 

800 

0-010 

700 

0-011 

620 

0 012 

560 

0-013 

510 

0-014 

470 

0-016 

430 

0-016 

4(M) 

0 017 

375 

1)018 

350 

0 019 

320 

0-020 

285 

0-021 

255 

0-022 

235 

0-023 

215 

0-024 

200 

0 025 

185 

0-026 

175 

0-027 

160 

0-028 

145 

0-029 

130 

0-0.30 

115 

0-030 
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TABLE IV.-INDEXING TABLE: SIMPLE INDIRECT 
< METHOD. 


of 

Divisions 


2 

4 


C. 

7 

8 
i) 

10 

11 

12 

III 

14 

15 
10 

17 

18 
10 
20 
21 
22 
22 

24 

25 
20 
27 
2H 
2 S) 


22 

22 

24 

25 


N unibi-r 



Number 


ol Holes 

111 

lumber ot 
'riiriis ol 

Number 
ol • 
[hvisioiis. 

)l Holes 
m 

^lumber ol 
Turns ol 

Indcxmjj;- 
jilatc 
<5irle. i 

Indexing; 

H.iiidle. 

ndeMiig- 
plate 
( iirele. 

Indexing 
Hamlle. ' 

auy 

20 

20 

27 


21 

13„’, 

37 

37 

Hr 

auy 

10 

28 

10 

h\ 

8 

20 

30 


21 

01] 

40 

any 

1 

40 


41 

41 

VI 

any 

5 

42 

21 

Vr 

27 


43 

42 

111 

auy 

22 

4 

44 

33 ' 

n 

2- 

45 

27 

n 

21 

2 ), 

40 

22 

‘^!i 

2) 

33 '* 

47 

47 


40 

04 3 

48 

36 

n 

21 


40 

40 

n 

22 

2U 

50 

20 

y 

24 

m 

52 

30 

n 

27 

‘-^17 

54 

27 

n 

10 


55 

32 

y 

any 

y 

50 

49 

;\r, 

iv 

21 

Li'i* 

58 

29 

U 

22 

137 

00 

30 

n 

23 

m 

02 

21 

VI 

20 

is;; 

04 

22 

n 

20 

Us 

05 

39 

u 

20 

lu 

60 

33 

n 

27 

Ut 

08 

24 

u 

49 

lif. 

70 

21' - 


29 

nj 

72 

27 

y 

30 

ly 

74 

27 


21 


75 

30 

u . 

20 


70 

19 

n 

22 


78 

39 

n 

34 


80 

30 

n 

40 

IL. 

82 

41 

K 
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TABLE IV. -INDEXING TABLE. SIMPLE INDIRECT 
METHOD {continued). * 



Number 



N UTuber 

. 

Nuiiilier 

ot 

DivisioiiK 

of Hole's 
in 

Vu ruber of 
Tmns nl 

NumbiT 

ol 

] Mvisioiis, 

ol Holes 

III 

IJf umber of 
Turns ot 

mlexni}^- 

plate 

I^dexiuf; 

Tl.m.lle. 

liKlexuif'- 

plllle 

IndeMiif’ 

llanille. 


Cirele. 



(!licle 


M 

21 


l()6 

33 

s’^.i 

85 

34 

Vi 

168 

21 

■31 

86 

43 


170 

34 


88 

33 


172 

43 

1 0 

90 

27 


180 

27 

z '7 i 

91J 

23 

‘>'1 

184 

23 

3-’, 

94 

47 

'i? 

186 

37 

Tt 

95 

19 

188 

47 

! 0 

96 

36 


190 

19 

i^'i 

98 

49 


195 

3fl 

H II 

100 

20 


196 

49 

1 0 
iy 

104 

39 

Jji 

200 

20 


105 

21 


205 

41 


108 

27 

ir 

210 

21 

'*1 

no 

33 

215 

43 


115 

23 

21 

216 

27 

i7 1 

116 

29 

220 

. 3.3 

1"l 1 

120 

21 

•'l 

230 

23 

•*, 

124 

31 

'll 

, 232 

29 


128 

32 


235 

17 


130 

39 


240 

36 

i'll 

132 

83 

i'l 

245 

49 

i 

135 

27 


24S 

31 

ii’i 1 

136 

34 

’■i 

260 

39 

'hi > 

140 

21 

21 

264 

33 

/'i i 

144 

36 

u 

270 

27 

^*7 

145 

.29 

2 0 

272 

34 

c. 

,ti 

148 

' 87 

IJ 

280 

49 

JO 

1^ 

80 

71 il 

290 

29 

3*0 

162 

19 

10 

296 

37 

It 

165 

31 

300 

80 

^Ti 

156 

89 

ill 

310 

31 


160 

32 

■>'2 

312 

39 

■? 

164 

41 

E' 

820 

32 

.IB 


i 




' 
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tableJ V.— helix angles fob various ratios ^ 

OP .LEAD OP HELIX TO DIAMETER OF PiTOft; 
CYLINDER. ‘ .>1 


1-00 

1-10 

1-20 

1'30 

1-40 

1*50 

1*60 

1- 70 
1-80 
1‘90 

2 - 00 
2-10 
2 20 
2-80 
2*40 
2*50 
2‘60 

2- 70 
2*80 
2*tK) 

3- 00 
3i0 
3-20 
3'30 
3*40 
3-50 
8-BO 
3-70 
3-80 

3- 90 

4- 00 
4-10 
4-20 


Degs. Mmt>. 

72 21 


70 

()9 

67 

68 
64 
63 
61 
60 
58 
57 
56 
55 
53 
52 
51 
.50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
41 
'40 
89 
38 
38 
37 
36 


4-30 
4-40 
4-50 
4-60 
4 70 
4'80 

4- 90 
5*00 

5- 10 
5-20 
5-30 
5-40 
.5*50 
5-60 
5*70 

5- 80 

6- 90 
6-00 
6-20 

6- 40 
6-60 
6-80 

7- 00 
7-25 
7’50 

7- 75 

8 - 00 
8-25 
8-50 

8- 75 
900 

9- 25 
9-50 




Degfl. Mins. 
36 9 


35 

34 

34 

33 

33 

32 

32 

31 

31 

30 

30 

29 



9- 75 
10-00 

10- 25 
10-50 

10- 75 

11 - 00 

11- 50 

12 - 001 

12- 50 

13- 00 
13-50 
14 00 

15- 00 

16- CO 

17- 00 

18- 00 

19- 00 

20 - 00 
25-00 
30-00 
35-00 
40-00 
50-00 
6000 
70-00 
80-00 
90-00 

100-00 

120-00 

140-00 

160-00 

180-00 

200-00 


Degs. Mins. 
^ 62 
27 
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®A6LB VL-.LIST OF WHOLE DEPTHS OF. TOOTH 
! jc SPACES FOR VABIOUS DIAMETRAL PIT0HES OP 
; ; TOOTHED OEAR-WHEELS. 


; 


Addendum. 

• 

Root 

Clearance 

Dedeudum. 

Whole 

Depth. 

\ 

Dimetral 

Pitch. 


t 

voooo 

0-1571 

1-1571 

2-1671 


n 

0-8000 

0-1257 

0-9257 

1-7267 


u 

0-6667 

0-1047 

0-7714 

1-4381 

> 

0-5714 

0-0898 

0-6612 

1-2326 

2 

0-6000 

0-0785 

0-5785 

1-0785 

2i 

0-4444 

0-0698 

0-5142 

0-9686 

2A 

0 4000 

0*0628 

0-4628 

0-8628 

21 

0-8636 

0 0572 

0-4208 

0-7844 

8 

0-8383 

0-0524 

0-3857 

0-7190 


Si 

0-2857 

0 0449 

0-3306 

0-6163 


4 

0-25t)0 

0-0398 

0-2893 

0-5393 


5 

0-2000 

0-0314 

0-2314 

0-4314 


G 

01667 

0-0262 

0-1929 

0-8695 


7 

0-1429 

0-0224 

0-1653 

0-3082 


8 

0-1250 

0 0196 

0-1446 

0-2696 


9 

0-1111 

00175 

0-1285 

0-2396 

30 

0-1000 

0-0157 

0-1157 

0-2157 


11 

0-0909 

0-0143 

0-1052 

0-1961 


I2 

0-0838 

0 0132 

0-0965 

0-1798 


18 

0-0709 

0-0121 

0-0890 

0-1059 


14 

0 0714 

0-0112 

0 0826 

0-1540 

' 15 

0 0667 

0-0105 

0-0772 

0-1439 

i 10 

0-0620 

; 0-009H 

0 0728 

0-1348 

■ 17 

0-0588 

0-0092 

0-0680 

0-1 26H 

18 

0-0556 

0-0087 

0-0642 

0-1198 

i 19 

0-0526 

0-0082 

0-0608 

0-1134 


20 

0-05 0 

0-0078 

0 0578 

0-1078 


21 

0-0476 

0-0075 

0-0651 

0-1027 


22 

. 0-0454 

0-0072 

0-0526 

0-0980 


28 ' 

0-0434 

0-0068 

0-0602 

0-0936 


,24 

0-0417 

0 0066 

0-0482 

0-0899 


26 

0-0885 

0-0060 

0-0445 

0-0830 


28 

0 0357 

0-0056 

0-0113 

0-0770 


80 

0-0333 , 1 

0-0062 

0-0385 

0-0718 


32 

0-0313 

0 0049 

0-0362 

0-0675 
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TABLE VIl.-LlST OP TAPERS. 


Tapor . 
1 m. 


Taper 
per Foot : 
(Inches. 


Total or In- 
cluded Angle 
(<^)• 


Side Angle 

(») 


192-0 


96-0 

i 

64-0 

/a 

48*0 

\ 

38*4 


32-0 


27-4 

iV. 

24-0 


21-3 


19-2 

i 

17-5 

H 

16*0 


14-8 

' il 

13-7 


12-8 

is 

12-0 

1 

0-2 

li 

H-0 


6-9 

n 

6-0 

2 

5-3 

2| 

4*8 


4-4 

2] 

4*0 

3 

3-4 

V. 

3-0 

4* 

2-7 

41 

2-4 

5 

2-2 

51 

2-0 

6 

1*7 

7 

1*5 

8 

1*3 

9 

1*2 

10 

1-1 

11 

1-0 

12 


Degb. Mins. 
0 1) 

0 18 

0 27 

0 m 

0 45 

0 54 

1 3 

1 12 

1 21 

1 30 

1 38 


‘1 

35 

1 

48 

3 

53 

1 

56 

4 

10 

2 

5 

4 

28 

2 

14 

4 

46 

2 

23 

5 

58 

2 

59 

7 

9 

3 

35 

8 

20 

4 

10 

9 

31 

4 

46 

10 

43 

5 

21 

11 

54 

5 

57 

13 

4 

G 

32 

14 

15 

7 

8 

16 

36 

R 

18 

18 

55 

9 

27 

21 

14 

10 

37 

.3 

32 

11 

46 

26 

49 

12 

54 

28 

4 

14 

2 

32 

31 

16 

16 

36 

52 

18 

26 

41 

7 

20 

34 

45 

14 

22 

37 

49 

15 

24 

38 

53 

8 

26 

34 


Dogs. Mills. 
0 IK 

0 .h; 

0 54 

1 12 

1 30 

1 47 

2 5 

2 23 

2 41 

3 0 

3 17 


Cos e. 


1-00000 

0-90900 

0-00097 

0*99995 

0-99991 

0-99988 

0-999^8 

0-99978 

0-99972 

0-99966 

0*99959 

0-99951 

0*99943 

0*99934 

0*99924 

0*99913 

0-99864 

0-99804 

0-99736 

0-99654 

0*99564 

0-99461 

0-99351 

0*99226 

0-98953 

0-98643 

0-98288 

0*97899 

0*97476 

0-97016 

0-96997 

0*94869 

0-93626 

0-92310 

0*90899 

0*89441 



APPENDi:X. 


2.35 


TABLE VIII.— ANGULAR SPEEDS, IN K.P.M., COR- 
RESPONDING TO DIFFERENT SURFA«E CUT- 
TING SPEEDS AND DIAMETERS OF WORK- 
PIE'CES OR CUTTING TOOLS. 


Diainotcr Sui4ii((‘ Ciitliiig SjuTtl, iti Keel iwir Miiiiitf. 

of Work- 


puici 

_or 





1 



Catting 

Tool. 

20. 

1 

1 

■to. 

.50. 

<i0 

80 

100. 

Ft. 

Ins. 








0 

Oi 

305 

458 

Oil 

704 

917 

1222 

1528 

0 

Oi 

3 

153 

229 

305 

382 

458 

Oil 

704 

0 

7G>' 

115 

153 

191 

229 

305 

382 

a 

H 

51 

70 

102 

127 

153 

204 

265 

0 

2 

38. 

57 . 

70 

90 

114 

153 

191 

0 


31 

45 

01 

70 

92 1 

122 

153 

0 

25 

38 

51 

04 

70 i 

102 

127 

0 

3J 

22 

33 

43 

55 

05 

87 

109 

0 

4 

19 

28 

38 

48 

57 

70 

90 

0 


17 

25 

3t 

42 

51 

OH 

85 

0 

5 

15 

23 

31 

38 

40 

01 

70 

0 


14 

21 

28 

35 

42 

50 

70 

0 


13 

19 

25 

32 

38 

51 

04 

0 

7 

11 

10 

22 

27 

33 

44 

55 

0 


10 

15 

20 

25 

31 

40 

51 

0 

8 

9-5 

14 

19 

24 

29 

38 

48 

0 

9 

8 5 

13 

17 

21 

25 

34 

42 

0 

10 

8-0 

12 

10 

19 

23 

30 

38 

0 

10| 

7-3 

11 

15 

18 

22 

29 

30 

0 

11 

0 9 

10 

14 

17 

21 

28 

35 

1 

0 

(>•4 

9*5 

13 

10 

19 

25 

32 

1 

2 

5-7 

8-2 

I 11 

14 

10 

22 

1 27 

1 

4 

4-8 

7'2 

9-5 

12 

U 

19 

24 

1 

6 

4-2 

0-4 

85 

11 

13 

17 

21 

1 

8 . 

• 3-8 

5-7 

7-6 

9-0 

11 

16 

19 

1 

10 

S-5 

5-2 

6-9 

8*7 

10 

14 

17 

& 

0 

3-2 

4-8 

6-4 

8-0 

9-5 

13 

10 

2 

6 

2-5 

3-8 

5-1 

0-4 

7-0 

10 

13 

3 

0 

2-1 

3-2 

4-2 

5'3 

0-4 

8-5 

11 

8 

() 

1-8 

2-7 

3-6 

4-5 

5-4 

7 '3 

9-1 

4 

0 

1*0 

2-4 

3-2 

4*0 

4-8 

0-4 

8-0 

4 

6 

1-4 

2-1 

2-8 

3-5 

4*2 

5-7 

7-1 

5 

0 

1-2 

1-9 

2-6 

3-2 

’ 3-8 

5-1 

0-4 
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FABLE ix.-DEGREES OF HARDNESS, OR GRADES 

OF GRINDING WHEELS. 

Degree ot llanlness. 

V'ltrilied ami 

Elastic ami Vul 

Silicate Wheels. 

caiiite Wheels, 

Extremely soft 

A 



n 

B 

— 


C 

— 

Very soft 

D 

h', 

“ 

” 

F 

— 

Soft" 

G 




H 

] 


Medium H(»ft . 

J 


M » • • 

K 

2 


L 


Medium . 

M 

8 


N 


II • • • 

0 

4 

11 • • 


5 

Medium hard . 

! Q 

f> 


, R 

i S 



Hard . ’ . 

T 

— 


U 



' V 

_ 

Very hard 

i w 

V 

» — 

II 

A 

1 Y 

_ 

Extremely bard 

! 2 

— 



INDEX. 


A 

Abrasive slips and stones, 201. 

— wheel, 189. 

grades of, 191. 

mounting, 190. 

shapes of, 198. 

— — truing up, 199. 
/.braaives, 186. 

Acme thread, 208. 

Aotion, cutting, 8, 54, 80, 101. 
Addendum, 129. 

Adiuatable clamping plate, 10. 

— packing, IG. 

— reamers, 4G. 

Allowance, 49, 224. 

Alumina, 187. 

Alundum, 189. 

Angles of cutting tools, G, 80, 
77, 157, 219. 

AngulsLr milling cutter, 76, 86. 

— mills, 85. 

— speed, 182, 200, 228, 235. 
Axial cutting edges, 72. 
Arboring, 62. 

Arbors, 93, 97. 

— milling-cutter, 93. 

clutched form of , 95. 

ArchimedWn spiral, 88. 
Automatic lathe, 184. 

B 

Booking-off lathes, 89. 

B.A. thread, 207. 

Bauxite, 188. 

Bearings, 223. 

Bell centre-punch, 188, 

— centring chuck, 50. 


Bevel gear wheels, 134. 

Block indexing, 131, 

Bolt, holding-down, 18. 

Bond, 190. 

Boring, 29. 

— bar, 42. 
cutter, 40. 

— cutter-head, 39, 

- tool, 40. 

Bottoming taps, 212. 

Brass, 39, 06, 99, 228. 

British Association screw- 
thread, 207. 

Bron7.e, 67, 99, 188, 228, 

c 

Carlwn, 188. 

— steel, plain, 181. 
Carborundum, 187. 

‘Garners, screw and clamp, 

140 

C.K.l. thread, 208. 
Centre-punch, bell, 138. 
Centring drill and reamer, 
combined, 48. 

— work-pieces, 138. 
Chambering, 82. 
Change-goar-wheel computa- 
tion, 216. 

China clay, 191. 

Chuck, collet, 183. 

— independent-jaw, 151. 

~ jaws, 153. 

— lathe, 152. 

— spring, 183. 

Chuckftig work-pieces, 151. 
Clamp, finger, 18. 

tongue, 18, 

cm 
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ClampinG plate, 15. 

Oloaranrfe, lathe-tool, 157. 

— root, >29. 

— twist drill body, 35. 

— , land, 36. 

— point, .16. 

Cluster, 21.^. 

Coarse-pitched screw-threads, 

221 . 

Collar-aud-uut mandrel, 148. 
Collets, 97. 

Composition wlieol, 190. 
Compound, cutting, 67. 
Cooling compound, 67. 

Coring, 51 . 

Corundum, 187. 

Cup wheel, 193. 

Cutter, boring, 42. 

— diameter, 102. 

— tee slot, 87. 

Cutting, compound, 67. 

edges, radial, 72. 

-- feeds, 23, 98, 180. 

— right and left-hand screw- 

threads, 218. 

— speeds, 2.3, 98, 180. 

— tools, 5. 

— — square-thread, 220. 
Cycle Engineers’ Institute 

thread, 208. 

Cycloidal tooth form, 127. 
Cylinder-turning, ICO. 

Dedendum, 129, 

Depthof cut, 101, 181. 

Diametral pitch, 129. 

Disc grinding, 199. 

— whoel, 193, 

Dish wheel, 173. 

Distortion of work-pieces, 20. 
Dividing head, 110. 
Double-angle cutter, 86. 
Dovo-tail groove milling, 110. 
Drill, flat, 31. 

- sizes, 65, 227. 

-- straight-grooved, 39. 

-- twist, 33. 


I Drill, twisted, 38. 

I Drilling, 29, 61. 

' — feeds, 66. 

I observations on, 67. 

speeds, 66, 

Ihivcn wlicoi, 217. 
Driving fit, 224. 
wheel. 217, 


£ 

Edge-cutting, 181. 

Effo(!tivo diameter of screw, 

210 . 

Elastic wheel, 190. 
Electrundum, 189. 

Emery, 187. 

End mill, 75, 82. 

— milling cutter, 82. 

Engine lathe methods, 138, 


F 

Placing tool, 53. 

Feed, direction of, 99. 
Feeds, cutting, 23, 66, 98. 

drilling, 66. 

Felspar, 191. 

F’lngcr clamp, 18. 
Phnishing reamers, 46, ' 

Fit, allowance, 224. 

— driving, 224. 

— force, 224. 

— keeping, 224. 

— running, 224. 

— tolerance, 224. 

Fixture, milling, 70. 
Fluted milling cutters, 71. 
Flutes, twist-drill, 34. 
Fluting cutters, 87, 120. 
P'ly-cutter, 92. 

P’orce fit, 224. 

Form milling, 109. 

Formed milling cutters, 88, 

— cutter, 123. 

— tool, 177. 

P’orming, 176. 
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a 

Gang mill, 108. 

Gashiug cntterh, ll!3. 

(laugc, setting, HIM. 

Gauges, limit, HH5. 

Gauging work-pieces, 225. 
Gear-cutting machme, 70. 

— driven shaper, 

— wheel cutting, 125. 

— wheels, 125. 

bevel, 184. 

helical, IMM. 

spiral, IMM. 

... _ spur, 125. 

worm, IMO. 

Glazing, 102. 

Grade of abrasive wheel, 191 
Gram size, 189. 

Grinding, correct and moor 
root, 38. 

— disc, 199. 

-■ reamer, 59, 01. 

— twist-dnll, 87, 54. 

— wheel, IBO. 

— wheels, grades of, 230. 

Grit, 189. 

H 

Hand reamers, 44. 

— screwing taps, 212. 
Hardness, degrees of, 280. 
Head, boring cutter, 43. 
Heavy cutters, 90. 

Helical cutting edges, 73. 

— gear wheels, 133. 

— work, 118. 

Helix, 119, 134. 

— angles, *282. 

High-speed steel, 181. 
Hohbing gear-wheel tooth, 

131. 

— machines, 70, 183. 

— spur gear-wheel, 131. 
Hobs, worm, 124, 182. 

Holder, tool, 11. 

Holding work-piece, method 
of, 12. 


Hcilding down bolil, position 
of, 18. * 

- - methods, 13,»16, 19. 

Hook flutes, 121. 

Horizontal milling .machine, 


I I 

j 

j Idler wliecl, 215. 

I Inclination of cutting edge, 
j 56. 

I Inclined cutting edges, 78. 

I Indexing, 111. 

— ■ block, 131. 

— compound, 115, 

— diffeiontial, 110. 

— direct method of, 112. 

— indirect method of, 112. 

— - — plate, 114. 

— — simple, J 1 2. 

— - table, 2:J(), 231. 

Inserted teeth, 90. 

— tools, 164. 

I Inside diameter, 129. 

I Interchangeable system, 222. 

! Intermediate wlieel, 215. 

I Involute cutter, 89. 
tooth-form, 120. 


Jigs, drilling, 08. 
— milling, 70. 

- plate, 04. 
Journal, 222. 


K 

Kaolin, 191. 

Keying fit, 224. 

Keys, milling-cutter, 90. 
Key ways, milling, 106. 
Knurlinc, 178. 

— tool, 180. 

Knurls, 179. 
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I L 

Land clearance, 35. 

— of tooth, 35, 76. 

Lapping, ,136, 200. 

— compounds, 201. 

Lathe, automatic, 18L 

— backing -off, 89. 

— drilling, 61. 

— engine-, 138. 

— relieving, 89. 

— tools, 154. 

— turret-, 183. 

Lathe-tool positions, 157. 
Lead, 205. 

— of helix, 118. 

— - machine, 119. 
Lead-scrow wheel, 216. 
Left-hand threads, 213. 
Liucoln milling machine, 70. 
Linear feed, 6G. 

Lip clearance, 36. 

— of cutter tooth, 77. 

drill, 35. 

Lubricating compound, 67. 

M 

Machine reamer, 47. 

— vice, 12. 

Magnetite, 187. 

Mandrel, adjustable nut, 150 

— block, 148, 

— collar-and-nut, 148, , 

— plain, 147. 

— press, 149. 

Milling, 69, 178. 

— cutters,, 71. 

— plain, 75. 

single angle, 75. 

— gear-wheel teeth. 89. 

— machines, 70. 

— nuts, 105. ^ 

— operations, plain, 104. 

. N 

Number of teeth, 98, 129. 
Nut die, 211. 

Nuts, milling, 105, 


0 

Offset clamp, 17. 

Operations, boring, 41. 

-- plain milling, 104. 

— universal milling, 70. 
Outside diameter, 129. 

' P 

Packing, adjustable, 16. 
piece, 13. 

Pillar-and-knee milling m 
chine, 70. 

Pitch, 98; 129, 205, 

-- diameter, 129. 

Plain milling operations, 10 
I Planer, 1. 

Planing machine, 1. 

— gear-wheel teeth, 132. 
Plano millers, 70. 

Plate, clamping, 15. 

— jigs, 64. 

Platen, 1. 

Plug caps, 212. 

PoiDt fiiDgl© of Ifittho oGutr 
143. 

Positions of lathe tools, 176. 

Q 

Quadrant plate, 217. 

E 

Radial cutting edges, 72. 
Rake, angle of, 209. 

— lathe-tool, 209. 

— milling-cutter, 79. 

— screw-thread, 209, 

— twist-drill, 34. 
Reamer-fluting cutter, 89." 
-- hand, 44. 

— machine, 47. 

Reamers, 42. 

— grinding, 59.' , 

— roughing, 46. 

— tapered, 46. 

Reaming, 30, 

— allowance, 49. 
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‘Relieving lathen, 89. 
Returtyjpeod, 26 
Reversing plate, 218. 
Roughing roainets, -10. 
►Running fit, 2‘H. 


s 

• 

Sandstone, 1B7. 

Saucer wlieni, 198. 

Saws, slitting, 92. 

Screw, effective angle of 210 

— - — diameter of, 210. 

— thrjad rake, 209 

— threads, 20.5. 

coarse- pitched, 221. 

- ('uttiug right and loft 
hand, 218. 

— external, 211. 

— - hands of, 211. 

*- internal, 2n. 

— — methods of cutting, 211. 
Second tap, 212. 

— wheel, 217, 

Sector arms, 114. 

Seller’s vee thread, 207. 
Sotting lathe tools, 154, 157. 

— up work-pieces, 21. 

— tool in position, 21. 

Shafts, 223. 

Shapes, ahrasive-wheel, 198. 

— of cutting tools, 8. 

Shaper, 3. 

Shaping machine, 8. 

~ gear-wheel teeth, 182. 

Shell reamer, 47. 

Side and face milling cutter, 
87. 

Silicate aWasive wheels, 190. 
Single-angle milling cutter, 
* 75,85. 

— pointed thread cutting 

tool, 212. 

Sizes, drill, 65. 

Slabbing machines, 70. 
Sliding fit, 224. 

Slitting sawB, 92. 

Slotter, 4. 


Slotting machine, 4^ 

Spacing, equal and •unefipial, 
111,118. , 

Speed, diagram, planer, 26. 
Speeds, cutting, .28^ 98, 1H2, 
200 

j — drilling, 66. * 

Spiral dividing head, 110. 

- gear-wheels, 188 

' Spur gear-wheel, 125. 

dimensions of, 128. 

- li<»hbing, 181. 

- - planing, 182 

- .shaping, 132. 

S(}uare thread, 209. 

cutting tools, 220. 

Straddle mill, 105. 

milling cutter, 88, 106 
Straight-grooved drill, 39. 
Strap, clamping, 15. 

Siuhb’s steel wire and drill 
gauge sizes, decimal equiva- 
lents of, 227. 

Surfacing, 164. 


T 

Taper, double, 168. 

- single, 1G7. 

-T taps, 212. 

— turning, 166 
Tapered reamers, 46. 

'Papers, list of, 234. 

Taps, bottoming, 212. 

plug, 212. 

-- second, 212. 

— taper, 212. 

Tee-.slot cutter, 87. 

Teeth in cutters, numbers of, 
97. 

— millmg-cuttor, 71. 

— reamer, 45. 

Template, 173. 

Thread-cuttiug tool, setting 
in lathe, 212. 

— millijiig, 71. 

I — sections, forms of, 206. 

I Tilting, 159. 

10 
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Toleranc’j, 224. U 

Tongue clamp, 18. 

Tool holdar, 1, 11, 157. Universal dividing head, 

Tools, cutting, 5, 104. - milling machine, 70. 

— insert ^d lathe, 155. 

— lathe, 1^4. V 

— solid lathe. 154. 

Tooth, form of reamer, 45, 62. Vertical prilling, 109. 

cycloidal, 127. Vertical-spindle milling ma- 

involute, 126, chine, 70. 

— land, flat, 61. Vk-o, machine, 12. 

— spaces, whole depths of, Vitrilied abrasive wheels, 190. 

28H. Vulcanite, 191. 

Trepanning, 51. — abrasive wheels, 190. 

Tripoli powder, 201 . 

Turning, cylindrical, 160. W 

— taper, 166. 

'Purret lathe, 188. Wheel, cup, 194. 

Twist-drill, H2. cylinder, 196. 

■ - — clearance, 85, ■ disc, 198 

- grinding, 87, 54. dish, 198. 

^ _ rake, 34. — motions, 199. 

— - sleeve, 34. — speeds, 198. 

-- — socket, 34. Whitworth screw thread, 206. 

drills of’ different dia- Work speeds, 199. 
meters, high speed, angular — motions, 199. 
drilling speeds and feeds Work- pieces, centring, 138. 

for, 229. chucking, 151. 

plain carbon driving, 140. 

steel, angular gauging, 226. 

drilling speeds machining, 146. 

and feeds for, ; turning cylindrical, 160. 

228. I Worm gear-wheels, 136. 
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